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By By James W W. 


7 ment of Furnas Hydroelectric egy under construction on the Rio 7 
_ Grande in the state of Minas Gerais, Brazil. | Ultimately Furnas will have an 
installed capacity of 1,200, 000 kw, placing it the world’ s largest hydro- 


INTRODUCTION 


- Brazil’ s population and industry is concentrated along ‘ 4,600 miles of Atlantic 
coastline. The states of Sao Paulo, Minas Gerais, Rio de Janeiro, and i 
_ Santohave had, as lateas 1954, about 45% (25 million) of the nation’s population. 
Also located within these states was about 80% (only 2-1/4 million kw) of the 
7 entire installedelectric generating capacity. The demand for additional power q 
is urgent and increasing at a rate in excess of 10% compounded annually. 
_Thermal plant construction would appear to bean immediate method of over- 
taking the load demand, and private utilities have utilized such construction to 
=. limited extent. However, as fuel must be imported, it substantially an 
es the cost of this type of energy. _ Nuclear energy with its present high cost 
is precluded as a solution to the immediate demand. 
‘Brazilian officials have studied a number of major hydroelectric sites —_— 
have concluded that the early development of some of these sites presents the 
a, Note.—Discussion open until September 1, 1960. To extend the closing date one 
_ month, a written request must be filed with the Executive ‘Secretar y, ASCE. This paper 
is part of the copyrighted Journal of the Power Division, Proceedings of the . American - 
Society of Civil Engineers, Vol. 86, No. PO 2, April, 1960. ey 
- Presented at the October, 1959 ASCE Conv ention in Washington, D. C. 


Chf. Design Engr., Internatl. Engrg. Co., Inc., San Francisco, Calif. | 


ta 
a 
a 


best answer to their power needs. a ai the most desirable, located along oo 
_ Furnas reach of the Rio Grande, is presently under construction. lea 
a Preliminary investigations of the Furnas site were initiated in 1954 at the 
request of Centrais Eletricas de Minas Gerais (CEMIG). _ When detailed field 
4% investigations began later in 1956, CEMIG invited Brazilian Traction’s Sao 
Paulo Light and its technical unit (COBAST) to assist. As the power situation 
grew more critical, the Brazilian Federal Government formed a new organi- — 
zation, on September, 1957, known as Central Eletrica de Furnas (FURNAS). _ 
_ It is comprised of the Federal Government as a ‘major sponsor, the states of . 
_ Sao Paulo (DAEE)and Minas Gerais (CEMIG), Sao Paulo Light and Cia. Paulista 
"| de Forca e Luz. FURNAS has its engineering headquarters in Rio de Janeiro - 
with 1 a field offi office at the Furnas 


q REGIONAL POWER DEVELOPMENT 


by major utilities serving this area indicate the 
quirements will be about 4,000, 000 0 kw in 1 in 1960, 6, »400, 000, kw in 1965, and in 
and 2, 1500, 000, 


kw at the end of 1957. 
_ Major generating additions, other than the Furnas project, esiniiines 
_ within the next several years are limited. The Peixoto plant downstream ion 
Furnas is adding 90,000 kw. The Tres Marias project now under construction 


will have two units (130,000 ig in operation by 1961 with two pe pent units | 


totalling 520,000 kw. One thermal installation is currently undergoing an ex- 

“pansion of 250,000kW. 
_ The region is faced with two other problems in its expansion program. One ; 
teens arises because service is supplied at both 60 cycles and 50 cycles, c 
ee interconnections. The other problem is the absence of a major > 
transmission grid inter connecting the various power producing and distribut- _ 
ing , facilities. Little advantage c can be taken of load diversity, surplus capacity, = 
and enérgy between areas. Major additions tothe transmission grid are — 


coincident with the completion of and Tres Marias projects. 
— 


The Furnas site is located in the southwestern part of the State of Minas 

Gerais on the Rio Grande, a major tributary of the Parana (Fig. 1). It is about | 

‘ 


— 320 km (200 miles) north of Sao Paulo, 280 km (175 miles) ‘eomiwent of Belo| 
‘= Upstream from Furnas are two existing small developments with potential 
_ sites for two more onthe main stem of the Rio Grande andanother on a tribu- « 
tary. The aggregate installed capacity and usable storage of these are small 5 
in comparison to the Furnas project and will have an insignificant « effect on. = 
a Immediately downstream from the Furnas site isthe existing Peixoto plant i? 
Empresas Eletricas. After the completion of the Furnas project, the Peixoto 


plant will receive material benefits due to increased river “Next 
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ril, 1 2 
the Empresas Eletricas _ This site when developed will probably have anin- — 
Stalled capacity of about 800,000 kw. It will depend upon Furnas and Peixoto 7 
for ‘regulation of stream flow. There are perhaps ten other potential sites 
- ~ downstream from the EuireRe site which will benefit from regulation b by tl the 
- The closest railroad terminates about 32 km (20 miles) downstream from 
- the Furnas site at the town of Passos . An existing state highway runs from q 
Passos and passes within 8 km (5 miles) of the site. Improvement of both — 
railroad and highway were as well as construction of 


<a were performed to compare a number of alternate ee at various — 

‘sites. A single high dam at the lower end of the Furnas Canyon proved to be » 
7 the most attractive. A report was released in September, 1955, which included © 
recommendations for an expanded investigation of the site and reservoir area. | 
‘The recommendations included surface and subsurface investigations, a drill- _ 
ing program, topographic surveying of dam and reservoir area, search for 
Suitable construction materials and studies of alternate means of and 
access. . This work was started almost immediately 
_ Meanwhile, the geologic and hydrologic data were reviewed, reservoir in 
sieoatie curves redrawnfrom improved field data, and new power studies were 4 
- made. During this period a number of consultants visited the site. Recognized — 


authorities in geology, soil mechanics, heavy construction, hydroelectric power | 
development, etc., were 


SELECTION OF ‘TYPE OF DAM 
= Considerable study was devoted to the selection of the best type of dam. It — : 
was determined early in the program that the differential cost between various 
types of structures would be relatively minor. Final selection of the type ‘of 
dam, therefore, would be largely gov ere by | subsurface findings and avail- 
ability of construction materials. 
The site itself was of by either a fill-type dam or 
one of several concrete structures. Early indications favored a concrete gravi-— 
_ ty dam. Later, exploratory drilling revealed that the right abutment would re- q 
- excessive excavation to prepare | an adequate foundation for a concrete 
structure. Furthermore, much of the aggregate would have to be manufactured. © 
Br has limited cement-producing facilities, and these would be severely 
taxed to produce the large quantities of cement required for a concrete struc- — 
7 ture and still meet other commitments. As more materials information was _ 
accumulated, it became apparent that a fill- -type structure had distinct advan- 
— Also, the construction scheme would be simplified and would permit a 


faster construction schedule than would be possible with a concrete structure. | 


_ The decision was made to design the a substantially « as shown in Fig. >» 


“HYDROLOGY AND METEOROLOGY 
The drainage area of the RioGrande upstream from the Furnas site is about a 
000 sq km 000 sq miles). ‘The river rises in the Serra de ‘Mantiqueira 
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_ FURNAS PROJECT 

a Minas Gerais and flows generally westward to its conflu 
A reliable gage has been maintained at Sao Jose da Barra, a short distance 
above the dam site, since 1930. _ By correlation with other stations, records 
were extended to mid-1928 in order to include 1929, which was a year with ex- 


Inflow between Sao Jose da Barra and the dam site is 
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2.-GENERAL PLAN OF FURNAS PROJECT 
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arges at Furnas. — 
_ Mean monthly flows have varied from a minimum of about 210 cms (7400 cfs) 
- to a maximum of 4130 cms (146,000 cfs). The mean flow for the period of 


is approximately 900 cms (31,700 cfs). 
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first low. period began about mid- 1932 and extended into 1935. 
The second began in mid-1952 and lasted until early 1957. For purposes of 
‘{ power production, the latter was more critical because of its longer duration. 
_ Flood potential is determined by the flow of tropical maritime air. The 
naa is mountainous, with maximum elevations reaching nearly 3,000 m (10, 000 
- ft) and the headwaters are only 105 km (65 miles) from the Atlantic ocean. 
Circulation of air over Brazil is — largely by a permanent high | pres- 4 


-March this front a V- over the continent, 
its southern tip extending to the northern boundary of Paraguay. Tropi- 
- cal maritime air from the northeast flows up | the Amazon Valley toward the. - 
front and causes intense precipitation there. i Simultaneously, maritime air 
from the east, also flowing toward the front, strikes ‘most of the Brazilian 
coast. Air from the northern flow can enter the valley of the Sao Francisco 
- _ when the intertropical front lies unusually far to the south. . Ordinarily very 
‘little of this air will reach the Rio Grande basin. Air from the eastern flow 
will cross the Rio Grande whenever behavior of the front is normal, and the © 
flow will become stronger as the front approaches the basin. = 
‘The basinis protected on the north and east from low level maritime air by cd | 
* 000-ft barriers. 4 Except near the headwaters of the Sao Francisco yand Rio 
Grande, the northern is quite broad, while on the east 


4 Grande basin. However, the rain potential of these storms is lower than those 


— — Although locally there are areas to the south that experience intense rain-— 


" fall, general topographic configuration combined with the necessary easterly | 
wind precludes the possibility of extended storms fromthe west or southwest. 
ot It is of i interest tonote that a careful study of the recent severe floods in Uru- — 

guay is currently being conducted with reference tostorms approaching the 


- series which were derived from sediments deposited in a Pre-Cambrian inland stom 
sea known as the Minas Sea. These sediments were subjected to considerable 
- folding and shearing. Fine beach sands became sandstones, which later were | 
% fused by high temperatures. _ Finer sediments became indurated into shales, 
which later were metamorphosed into the sericite schists that are found inter-_ 
with in mica sands that mixed 
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medium - grained, impure quartzites, magnesian limestone and itabirites. The 
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_ Storm from the north, with some lesser effect from a simultaneous easterly 

4 storm. The computations showed that such a storm would result ina 10,000- 

flood with a peak daily inflow of 18,000 cms (635,000 cfs), anda ninety-day 

volume of 945,000 cane-~days (99,400,000 cis~days) 
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‘Itacolomi se series includes’ of thin- bedded, fine- e-grained 
_ micaceous quartzites. They grade into the fine- -grained laminated rocks rich 
_ in schistose elements that are known as Itacolomites 
First visits to the site were made in mid-1954. An exploratory drilling p 
_* was initiated in October, 1955, and was largely completed by mid- 1958. 
An extensive grid of of drill holes | was logged, and geologic profiles and sections 
‘The left abutment at the Furnas site is composed of a finely grained highly 
_ jointed quartzite. The surface of suitable bedrock averages from 5 to 10 m in 
depth below natural groundsurface over most of the left abutment except at the 
spillway area where maximum depth is about 35 m (115 ft). The general strike | 
is North 25° West, with the dip 15° to 20° to the Southwest, or downstream and — 
_ away from the river channel. _ Bedding planes form joints consisting of very 
thin layers of clay or fine silts ; which have been ‘metamorphosed into 
In the main river channel thereis a deep diagonal fault-formed trough. This ; 


has been intruded by a diabase dike that has gouge and fractured rock on ‘both - 
7 _ The right abutment is composed of thick beds of thinly laminated einenene 
separated by relatively deep bands of f micaceous schists that are fractured a and 
friable near the surface. ‘There has been considerable decomposition and 
_ weathering of the schists and a talus slope has formed at this abutment. ‘Re- 
_ moval of the talus and weathered material will be necessary. < 
Areas containing ‘decomposed schist are present at both It is 


nme 


expected these materials will be impervious, except where extreme weather 
ing has taken place. Joints in the quartzites usually are tight and little grout- 
ing will be required in most Water testing indicates little 

will be experienced with leakage. 4. 
MATERIALS INVESTIGATIONS 
~ sosiinalinaien progressed it became apparent that a fill- -type structure 

- was better suited to site conditions than was a concrete structure. This re- 

‘sulted i in an intensive search to locate sufficient quantities of the various types: on a 

of material to be used inthe dam. At the same time a testing program was 

instigated in which routine classification and strength tests were carried out 

to determine the characteristics of all such materials. Specialists in —engi- 
neering: geology and soil mechanics were consulted. 1 Field tests have shown 
eer most excavated material will be suitable for the random fill, and that rock > 


is ‘Because of the slabby nature of the quartzite fragments to be used. for the | 
rock shells, it was considered advisable to make special investigations of the 7 
strength. characteristics of this material. The U. S. Bureau of Reclamation in 7 
; Denver was retained to perform large scale triaxial compression tests on the 
: rockfill using high all-around pressures. The assumed strength parameters > 
: used i in the preliminary stability studies would be reviewed and modifiedwhere © 
a after the results of these tests became available. =~ 7 
Suitable earth core material is available on the right bank about a mile up- 
. stream from the dam axis: and on the left bank about 4 miles from the site. 


— transition zone material is also available. Routine tests of core and 
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transition zone materials have been in Brazilian laboratories and 
determined the relative stability of the “material in the various borrow 


at areas within reasonable hauling distance from the project. ‘Rock at the et j 
a ject site generally breaks into slabs and blocks due to its hard, brittle nature, Ss 
_and the presence of bedding planes and joints. It can be used to manufacture = 
san but such aggregates would produce harsh concrete. ‘Limited quanti-_ 


ties of sand are available in the stream bed of the Furnas River and tributaries 


DAM AND 


vol elevation 766 r m, and at this ‘elevation o one e saddle dam i is ; required to prevent 


ee reservoir from spilling over into the Sao Francisco River basin. The maxi- 
- mum gross head will be slightly less than 100 m (328 ft) with the exact vali 
dependent on the volume of tailrace excavation. 
_ At thenormal pool level, a lake will extend approximately 217 km (135 i 
up the Rio Grande and 190 km (120 miles) up the Rio Sapucai. © Gross reser- 
voir capacity will exceed 21 billion cu m (about 17 million acre-ft). Usable 
storage in a 16-m (52.5 ft) drawdown exceeds 14 billion cu m (about 11.5 mil-— 
; Br acre-ft). The storage is adequate to control completely the run-off of -~ 
Grande better than 95% of the time. 
In early planning, g, consideration was given to limiting the maximum level 7 
BL. 750 m. Economic considerations proved the inadvisability of restricting 


the water level to this lower elevation because Furnas would lose 17% of ool 


; eitee above Furnas, loss of the reservoir ‘capacity could not be overcome by a 
series of low dams that would develop allofthe head. = © ‘das 
‘The land tobe inundated by Furnas reservoir is largely undeveloped. There — 
= be some major railroad and highway relocations, and a few small com- 
Ps munities will have to be re-established - Also, some geod form land will be p 
- to — — 


Since there is a market for the power as soon as it can be made need 

it was important to realize optimum development of the resource at the earli- 
est possible date. Although an extensive transmission grid does not exist at 
present, it is reasonable to assume that Furnas project will be inter connected 
to all of the: major projects and load centers within ‘the Belo Horizonte - Sao 4 
Paulo - Rio de Janeiro triangle. It can likewise be assumed that Estreito will — 
be built in the near future so that Peixoto and Estreito will be both hydrauli- 
cally and and electrically integrated with ‘Furnas. Existing and possible future up- 

7 stream m projects will have only minor effect on the power ‘ supply and negligible 
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nda report considered a number of combi-— 
nas reach of the Rio Grande. Economic 
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on as with can be ignored in 


_ any power study for the Furnas site, 


Power potential of Furnas was determined by making a number of studies 
for the 29- -yr period of record. First computations were performed manually, | 
but final studies were accomplished with an electronic computer. The mini- 
- mum system which was considered included Peixoto and Estreito. Studies also 
were made assuming auxiliary sources of power in addition to the above pro- 


jects. As might be expected for a project with a reservoir having a high de- 
gree of stream flow control, it w: it was found that Furnas could economicallyutilize 


Annual load factors of the. existing utilities are in the range of 58 to 65%. 7 


Computer studies were based upon load factors of both 0.50 and 0.60; the for- 


_ mer toconsider possiblefuture conditions, the latter torepresent more close- 
a lyt the e existing load. 7 was found that the project could economically generate — 


an average of about 5.4 billion kwh annually and would waste less than 1% of re 

the water. The installed capacity would be limited to about 1,200 mw, which 

‘is adequate to serve the project’s share of the average annual system load at 
system annual load factor. - It is recognized that a project of this magnitude 
should be considered for possible future peaking operations at a 


‘The « owners decided, after due consideration, that funds required now for 
rene. for possible future c capacity expansion would be more effectively 
utilized for additional energy producing plants. No provision, : Near, has 


been made f for more than eight units at this: project. 


PRIME MOVERS AND GENERATING EQUIPMENT 
er Consideration of plant generation output and costs of various sizes of units 
led to adoption of a plant containing eight units, each | capable of developing 
150 mw, giving a total plant capacity of 1,200 mw. Present plans callfor the | 
‘first unit to be in service in mid-1962, with units two through four added at. 
_ three- ‘month intervals. . No dates have been fixed for installation of the last 
‘four units, but it can be expected that they will be placed in service "shortly 


_ Turbines were specified t to deliver generator nameplate at near best gate at 
‘none expected to prevail a large percentage of the time. . Since the reservoir Re. 
has a relatively small total drawdown which is utilized only in the driest years, 

the weighted average head is very high. This condition satisfied the Furnas © 
Company’ requirement that turbines be selected so they could | not overload 

- the generators by any appreciable degree (that is, not more than 6% to 8% at 
highest head). _ There results from this selection a small deficiency in capa- a 

bility under minimum head conditions. . Since such a condition occurs infre 

quently (twice in the period of record) and then for only short intervals, this 
limitation was not considered serious by the owner. | ‘The turbines will have a : 


= nominal expected output of 192,500 metric horsepower (190,000 hp) when | oper- 


a anet head of (94 m (308 ft) at the point of of best efficiency. 


"POWERHOUSE, AND SWITCHYARD 

The powerhouse shown in Figs. 2 and 3 will have an arrange- 
Rat 
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: for a period of five or six months. If an outdoor type plant were ny 


res FURNAS PROJECT 

it would be necessary to provide shelter for dismantling and maintenance of 
the units, untanking of transformers, etc. = 


= Tailrace deck level is set | well above maximum tailwater, with the gener- 
ator floor depressed to reduce height of building a and length of shafts. 


these pieces of heavy pean and fits walt with the switchyard arrangement. : 
_ Each turbine, as shown in Fig. 3, will be served by a separate penstock a 
- 5 m (21.3 ft) in diameter. Adequate load and speed regulation will be possi- 
ble without surge tanks. It is expected that an acceptable amount of extra 
Ww R2 will be provided in the generators. 
it was decided to use single phase transformers, : a bank of three to each © 
“generator. Each transformer will be of the forced oil water cooled type and 
rated at 53,333 kva. - Bank connections will be delta to grounded wye with line | 
to line. voltages 15 kv and 345 kv respectively. _ Physical size and simplicity — 
7 ot replacement: and transport limitations were basic considerations i in this _ 


> Orientation of the powerhouse and intake structures was studiedat vatbians - 

‘ 4 able length. The dip, strike and cleavage pattern of the rock foundation required 4 
: structures to be located with their long axes parallel to the river — 7 


for maximum economy and safety against sliding. However, such an arrange- - 

_ ment would result in undesirable flow conditions to the intake. The arrange-— 

ment selected, as shownin Fig. 2, was a compromise of all the factors involved. 

Bi Tomake maximumuse of available head between the Furnas site and Peixoto _ 

¢ ; reservoir, an economic study was performed to determine the extent of tail- 
race was found that a major amount of could be justi-— 

~The ssictiaiuenie will be located on Ilha do Sapo, which is s across the tailrace 
from the powerhouse between two natural river channels. Material from re- 
quired excavation utilized d to raise ani and enlarge the Tha to its — 


_ siderations in the arrangement of the intake and spillway. When foundation and 
.. materials investigations supported selection of a fill type dam, the locations 
_ for the intake, spillway, and powerhouse were automatically fixed. ‘That is, 
_ they should go on the left side of the channel. _ Conditions for this layout — 
not ideal; neither are they ‘Seriously deficient. _ Foundation materials on the: 


and strike of the rock somewhat limited powerhouse orientation. rs “Sound om 
possesion is fairly low in a relatively small area, but it is adequate for — 
i The spillway occupies the teens left section of the site. In addition to 
the aforementioned gated weir, it will have a concrete-lined chute with a flip 
_ bucket at the lower end. Water will il be discharged into the natural river chan- 
well downstream from the powerhouse. A short concrete 
‘section will connect | the om end of the spillway to the powerhouse it intake 
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be expected. These we were -e studied in a 1:100 scale model of the intake and spill- 
area for a complete range of reservoir elevations. ‘As a result of the 


_ The spillway design flood was developed from the known ates and 
4 meteor ologic condition discussed briefly e earlier in this paper. It was conclud- -— 
being of prime ‘consideration, this flood would have 128, 960 cms- days in the 
first 31 days, 231, 280 cms-days in the next 28 days, and 183,520 cms-days in 


the l last 31 days. ql Flood i routing studies © were > performed using different as- 


aa would pass withno reservoir surcharge. This was true oun though the reser-_ 
voir was assumed to be at full elevation 766.0 m when the flood began. - 
_ The spillway will be designed to discharge 1300 cms (460,000 cfs) with the 
reservoir surcharged 3 m to El. 769.0 m. | Discharges will be controlled by 
- seven radial crest gates each 11.5 m (38 ft) wide by 15.2 m 60 ft) high. The 
gates will be provided with individual hoists. — In addition, the intake gantry — 
: crane will be able to handle spillway stop logs and heavy lifts as mainte - 
_ The intake and spillway decks were set at El. 770.0 m to provide an ‘Om 

a of freeboard should the reservoir ever be surcharged to El. 679.0 m. 
The crest of the rockfill dam was fixed at El. 772.0 m to provide i ool 

- The intake structure is designed as a concrete gravity dam with one ‘mono-— 

: lithic block per penstock. _ An extensive drainage system ‘of down holes with 4 
‘drainage tunnel will be provided in the quartzite foundation toprevent caeeeive 
seepage pressures developing downstream of the intake and spillway crest | 1 
structure. There will be conventional trash racks, ° with provision for raking i 
and trash removal to be installed later if required. Gates will be individually 

_ cable hoist operated. A separate gantry crane will be provided for heavy lifts: 
and raking operations. The right end of the intake structure will abut the quartz- 

_ ite cut slope at the left end of the main dam. Both intake structure and spill- 

way decks will be wide enough for vehicular traffic. 
a is expected that little grouting will be required under the spillway, nor 
overflow and intake s structure concrete. Water tests in exploratory drill holes 
_ have shown the quartzite to be relatively tight. This has been verified — 


Mey | 


level ime. Natural ground extends well ‘above maximum reservoir level 
on both abutments. Opposed to these favorable conditions the foundation in the 
iriver bed is tr traversed by a deep fault that has been closed with a a diabase in- 

‘The section of the dam as shown in Fig fi was adopted after both ne 
a arc andsliding wedge analyses showed that it was a structurally stable design. 
P A ‘machine language computer program was used toaid these studies. onal 
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inclined core and a central vertical core. This arrangement was found ules 
available materials most effectively. The overburden material from the spill- 
_ way excavation was found to be suitable for use in the transition zone to pre : 
« vent particle migration from the core. Rockfill will be placed in layers —_ 


compacted by crawler -type equipment. 
Horizontal curvature of the main embankment has been accentuated to im- 
= abutment contacts and minimize the possibility of cracks developing in 
the core due to downstream movement. - Because of the ‘steepness of the left 
abutment (Fig. 5), special precautions will be taken to ensure that senna 
‘elects of differential settlement will not endanger the safety of the core. The | 
upstream and zones will along the rock 


—SITE OF FURNAS PROJECT 


nee Maximum height of the dam above foundation excavation will be ie 120) m m 


(395 ft). Exact elevation of deepest: excavation will not be known until the main a 
channel is unwatered. i However, core drilling through the diabase dike indi- | 4 
_ cates the material is sound, with the possible exception ¢ of fractured and de-— 

_ composed material immediately adjacent to the diabase. Unsuitable material 

will be removed and replaced with impervious fill. Limited grouting is planned | 

and principally of test holes to check watertightness and grout 
_ take. _ Excavation to suitable foundation on the left abutment is expected to be ee 
nominal. The right side will require considerably 1 more excavation to provide — 


3 suitable contact area for | the + on oe core against sound impervious abutment 


‘Total embankment material is expected to be about 9,000,000 cu m m (roughly 


_ 000,000 cu yd). About 600,000 cu m (800,000 cu yd) will be clay material 
(800,000 eu ya) will be cl: y 


| 
oh 
| 
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April, 1960 


left bank | about 1 ‘mile upstream of the dam. ‘Transition 2 zones will require 
4 1,350,000 cu m (1,640,000 cu yd), sound rock 4,300,000 cu m (5,400,000 cu yd) 
: and random fill about 2,275,000 cu m (3,000,000 cu yd). ” Required excavation 
3 will provide all main dam embankment materials except those necessary for 7 ; 
‘ the clay core. Materials from excavation unsuitable for the main dam will be- 
come a partof the switchyard fill on Ilha do Sapo or will be wastedin the river 


at the right of the island. 


ag 


FIG. 5. —LEFT ABUTMENT, VICINITY OF DIVERSION TUNNEL INTAKE PORTALS. 


"diversion tunnels, driving by the heading and bench method. — The bench was — 
“holed through” in the latter part of June, 1959. ~ Rock is generally | excellent, 
i" ‘though in a limited reach near the upstream portals schistose material was : 
i encountered, requiring support. _ At present the arch is being lined by use of 
the “Aliva” " process, a European equivalent to shotcrete, with mesh reinforc- 
_ Cofferdams confining the river into the deep central channel have been built 
“on both sides" of the river, with considerable excavation and scaling at — 
abutment. Present plans call for diversion through a a channel on the right side 
during the next season, with the tunnels carrying only a portion of the ie 
flow. Later, when the channel is closed and f fill is placed on the right side, 7 


flow will be diverted through the tunnels. Tunnels: will after ‘closure 


— 
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STATUS OF PROJECT 

_ ‘The major construction contract was awarded inmid-1958toa jointventure. [i 

Work was started on the two 12.8 m x 13.5 m (42 ftx 44 ft) horseshoe-shaped 

Me 

Bi 

‘a 

4 > 

= 


Due to its remote location, it was as necessary to build housing and allied dfa-— 
‘cilities at the site. This work, along with mobilization of men and equipment, » 
z _ required an extensive period of time and was partially completed by the owner 
| _ prior to award of the construction contract. _ The owner will award separate 
supply contracts for furnishing all major items suchas electrical and mechani- 7 
= equipment, gates, cranes, hoists, special steel items such as penstocks and 
trash racks, , gates, switchyard equipment, etc. . These items will be furnished — 


where possible by Brazilian manufacturers. Major items “not available 


‘Total project. construction cot cost with four units installed, exclusive of trans- 
Ww whiting lines, is currently estimated to be $129, 000, 000 with an additional 
P $ 40,000,000 required to bring the plant to its ultimate capacity. The Brazilian — 
"government, 2 as principal sponsor, is furnishing the bulk of local currency re- | 
quirements. It also has obtained a $73,000,000 loan from the World Bank for 
purchase of foreign materials and equipment. Additional funds in foreign ‘cur- 
_ rency will be required in order to install the four future units. No problems — - 
are anticipated in this regard, because Furnas has been ‘iene to be an ex-_ 


SUMMARY 
a 


8B Brazil, a country larger | in land area than the continental United States and 
“populated by 65 million persons, is faced with a severe power shortage. Furnas 
growing Z program ‘that will help to alleviate the lack of adequate | electric po power 
andenergy. This project has a Teservoir about 240 km (150 miles) long with “| 
- over 17 million acre-ft of water, of which about 12 million acre- -ft will be us- 
with a drawdown of only 17% of the gross head. 

_ The initial installation will consist of four 150 mw units, with the iia 
gcse of eight units | totaling 1,200 mw. ~The average annual generation with 


load as soon as s it c can be made available. Present plans contemplate first unit 
on the line by mid-1962 with three additional units scheduled at three- month > 
_ intervals. . No firm schedule has been set for the las last four units, but they w will 
‘The main dam will be a composite fill- -type structure containing approxi- ‘ 
mately 9,100,000 cu m (12,000,000 cu yd) of material. It will be some 580 m - 
(1,900 ft) long at crest elevation and will have a maximum height from deepest 
excavation to crest level of about 120 m (400 ft). __ A spillway and chute on the - 
left abutment will pass nearly 10,000 cms (350, 000 cfs) at normal full pool — 
level and 13,000 cms (460,000 cfs) with a 3-m (10-ft) surcharge. 
Although there is s only one existing downstream project, potentially. there 
are sites for about a dozen more. The firming effect of Furnas reservoir on — 
_ these future projects will enhance its regional value considerably. 2 Furnas © 
would be considered a large project in any country. For Brazil it represents — 
a oo undertaking, and it isa tribute to the omnage and efforts of il 


is s being performed by Brazilians. 
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‘PERSONNEL 

= Eletrica a Furnas is headed by John R. Cotrim, M. ASCE, , presi-— 

dent, Flavio H. Lyra, technical director, B. Dutra, financial director and F 
Von Ranke, chief engineer. Cia. Internacional de Engenharia e Construcoes, f 


a Brazilian | company associated with International Engineering Company, Inc. = 


“ of Sao Paulo Light is available for consulting service. | Other consultants in-- 

_ Clude A. Casagrande and S. D. Wilson for soils; Portland P. Fox, F. ASCE, ge- 7 : 

_ologist; E. P. Eardley for transmission facilities; R. L. Hearn of Ontario, * 
Hydro. Geological data given inthis paper are based onthe work of J. Cabrera, — 

7 staff geologist of Sao Paulo Light. Meroz and McLellan of Newcastle upon 
Tyne, England, and Ebasco Services, Inc., were ¢ engaged by the clientonre- 
- lated problems. Hydraulic model work was performed by the EscritorioSatur- __ 
nino de Brito Hydraulic Laboratory in Rio de Janeiro. eae 
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'STEAM-ELECTRIC GENERATING STATION 

By 1 F. ASCE and H. M. Estes? 


This paper describes. the construction of the Piratininga steam- electric 
generating station and the hydroelectric system of which it forms a part. a 


— attention is rn to the problems of transportation unique to the lo 


Piratininga steam -electric station and hydroelectric generating stations 


= the state of Sao Paulo in Brazil. The hydroelectric system of the So Paulo eo 
Light S.A. - Servicos de Eletricidade is unique in the world since it utilizes, 
an ingenious way, the unusual topography of the region. | 
. ee ‘The predominant feature of topography i is the steep escarpment called Serra 
Mar, varying inaltitude from 900 m to 1,500 m, or 3,000 ft to 5,000 ft, which 
near the Atlantic coast and forms the divide between drainage directly tothe 
coast and drainage to the Rio Tiete flowing westward through Sao Paulo on its a 


P way to the Parana, which flows south to enter the Atlantic near Buenos Aires 
in the Argentine. The program of hydroelectric development has been based — 
on diverting water from t the Tiete andits westward flowing t tributaries >s by gravi- 


-* or by pumping to the large Billings Reservoir near the Serra, and on de- 


~Tan —Discussion open until September 1, 1960. To extend the closing date one 
z a written request must be filed with the Executive Secretary, ASCE. This paper 

is part of the copyrighted Journal of the Power Division, Proceedings 0 of the American ~ 
Society of Civil Engineers, Vol. 86, No. PO 2, April, 1960. 
Chf. Hydr. Engr., Stone & Webster Engrg. Boston Mass. 
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7 * ve Pedras River | r plus is the yield of the Grande River at the > dam creating, Billings 


‘the Serra. 
Fig. 1 shows the name and location of the 
that comprise the present hydroelectric system along with a diagrammatic pro- 
_ file of the diversion scheme. Edgard de Souza, Rasgao, and Porto Gois were 
low head, run- -of-stream pondage plants on the ‘Tiete which were ‘constructed 
.) before and while the diversion over the Serra was being developed. Edgard : 
Souza plant has had the dam raised and pumps installed after constructing 
_ Pirapora Dam to start the waters of the Juqueri River and other tributaries z 
the Tiete toward the Billings Reservoir at the Serra. RD ik ere 
_ The large Sorocaba Reservoir supplies regulated flow to the 56, van ine kw Itu- 
-pararanga plant and has no hydraulic relationship to other parts of the hydro- 
electric system. The | Guarapiranga Reservoir v was constructed at an early date 
; ‘to furnish potable water to the city of Sao Paulo, afford flood control on the J 
Pinheiros River near the city and furnish some regulated flow to the — 


tunnels to the valve house and thence through eight penstocks. “The gross 

head is 720 m, or 2,360 ft, and the aggregate capacity of the horizontal shaft — f 
impulse units in the plant is 474,004 kw. The second Cubatao plantis an under- | " : 
ground station near r the first plant supplied from ‘Pedras bys a sloping: tunnel. 


and two similar units are being installed which will veselt in an aggregate ca- 
pacity of 390,000 kw. a 
7 i, Initially, the water flowing to Cubatao plant consisted of the yield of the | 


Billings Reservoir. The Pinheiros River, which had been subject to serious _ 
floods that lands, was straightened and then enlarged to 

accommodate the increasing diversions from. the Tiete toward the Pedreira 

a ‘pumping plant. - The Retiro intake structure, at the point where the Pinheiros © 

joins the Tiete, controls the passage of water from the Tiete into the 

and limits the flooding of the Pinheiros by backwater from the Tiete. - About» ; 

midway along the Pinheiros canal, the Traicado pumping plant was installed. : 
_ The flow of the Tiete upstream of Pirapora Dam that can be diverted to the 


by pumping at Traicao and Pedreira averages” about 60 cum 


oleate for more than three years from full empty and thefirm hydro energy 

- during the driest period is about 90% of the long-term average hydro energy. _ 
It is worth noting that the small pumping heads on the diversion scheme, _ 

‘. m at _Edgard de Souza, 5 m at Traicao and 26 m at Pedreira, compare to the 


_ 3 Billings and Watér Power in Brazil,” A Short re of Asa White Kenney 
Billings, by Adolph J, Ackerman, ASCE, 1953 


4 
Adolph J. Ackerman, F. ASCE, in his biography of A. W. K. Billings.3 The 
— 
— project now includes the Billings Reservoir with usable storage in it equiva-— 4 
lent to 2 billion kw hr which discharges through the Summit control structure 
ais 
- 
pumping plant and the Traicado Dam were installed, the releases from Guara-_ 
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net effective of 690 m at the Cubatao Both the Traicio and 
- Pedreira plants have reversible pump-turbine units so that during peak load | 
— hours consumption of energy for pumping can cease and the u units can supply _ 
_ In this situation, the steam -electric plant at Piratininga has increased the 
firm system energy supply as well as the generating capability, and permits — 
_ greater utilization of the hydro energy available in better-than-dry years. In 


- addition, the location of the s steam plant near the major load center has im- _ 


the electrical characteristics of the transmission and 


= Rio de Janeiro operating company, both companies being subsidiaries of the 
Canadian Corporation, Brazilian Traction Light & Power — ae 


LOCATION AND SITE 


Piratininga _steam-electric station which is chown on Fig. 2 is 4 
“adjacent to the Pedreira pangs station. This location was selected for ease © 
“4 of integrating it into the system, it being on the Pinheiros canal which serves © 
as part of the hydraulic system discussed earlier. . The canal is highly contami- 
nated by sewage, but serves as a tolerable source of the condenser - -circulating 
: water. The site is largely of a swampy nature, having a layer of organic clay — 
as the topsoil. Beneath this are varying depths of granite residue in all a 7 
of decomposition. , oi sound granite bedrock is found at depths varying from 0 
ai There is a knoll of sound granite which reached nearly to the surface and 


knoll helped define the most desirable location for the station. As the station | 
was extended the rock surface became lower, and for the units 3 and 4 con- 
i siderable excavation of soft material was required so that column footings © 
could be placed on rock. _ This s soft material was replaced by sand and gravel | 

_ fill to provide support for floors and auxiliary equipment. _ Ground water was — 
“not a serious in this work, ‘it being easily controlled by 


2 to | be adequate for supporting the major portion | of units 1 and . This 


The etitna plant i is oil burning -and uses residual fuel oil from Brazilian 
and imported crudes. The initial installation completed in 1954 consists of 
_ two turbine generators and two boilers. _ The turbine generators are rated at 
80,000 kw. _ Each boiler is capable of delivering 850,000 lb of steam | per hr 0 6 
ty the throttle of the associated turbine at a pressure of 850 psi and a tempera- 
‘ ture of 925° F. The relatively | low pressure and temperature were selected to } 
obtain a low cost ‘station for peak load and simplicity of operation. gay 
_ _ The extension now under way involves the installation of twoturbine gener - 
ators and two boilers. The turbine generators are rated at 125,000 kw. Each © 


boiler is rated as capable of delivering 1,000,000 lb of steam per hr tothe as- —_ | 
i. _ sociated turbine throttle at a pressure of 1,800 psi and a temperature of 


-1,000° F. The boilers and turbines are the reheat type. After reheat, the 
steam temperature will be 1,000° a. The higher pressure, temperatures, and aa 
. reheat were selected to obtaingr greater efficiency in anticipation of higher load 
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, factors with high cost fuel. The first of these units i is s scheduled to a com- 

mercial operation in March 1960 and the second four months later. 

‘The two existing generators are rated at 13,800 v, 100, 000 kva, 0.80 pf, and — 

_ step-up transformers are provided - deliver current to the system at 88 kv. > : 

_ The two new generators are rated at 14 400 v, 147,058 kva, and 0.85 pf, and a 
step-up transformers are provided to deliver current to the system at 230 kv. | 

7 ~ Cooling water is taken from the canal by vertical shaft pumps located in the he 


_ for the 80, 000 kw units and approximately 61,000 gpm will be used by each of p 
the two- “pass condensers for the 125, 000 kw unite, a plant total 


MATERIALS OF CONSTRUCTION 


ee — pressure to use as limited an amount of materials 
y United States and as little structural steel as practicable for the Piratininga 7 
= plant, reinforced concrete was used for the major portion of the structures. a 
- Referring to the cross section on Fig. 3, it will be observed that all of the tur - a 
_ bine room has been made of reinforced concrete except the roof trusses, pur -— 
; lins and minor walkways and that a high percentage of the boiler- ~Supporting © 
structure was made of concrete with structural steel usedonly for those parts 
a ‘directly supporting the boiler where connections toconcrete would be compli- | 
cated, and for the light platforms. This selection of materials satisfied the — ; 
restrictions imposed for import licenses and the availability of materials fron 


loc 1 sour 


Walls are of brick masonry covered on the outside with stuc 
of constructionis consistent with Brazilian practices where low cost 
labor skilled in of construction is available. 


FOUND 


use of piling \ was not believed feasible due to the depth of pram granite 
intermixed with granite boulders overlying the bedrock. It was feared mi 


‘merous large boulders in the decomposed material. 
2 _ The auxiliary buildings are founded on compacted fillused to replace clays 


and soft granite. Similar fill was also as the base for the 


‘There is conflict in of conerete design gn between 
the United States and Brazilian engineers. The Brazilians, in general, oe 
_ higher stresses than would be allowed by the standards of the American Con- | 
crete Institute (ACI) particularly in in column design. For the _ design of the con-— 
crete work in units 1 and 2, the aaa code v was followed throughout, except in 
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ng of -s, the only type available, where the Bra- 


_ = code was more restrictive. This resulted in the size e of columns appear - 


_ ing to be disproportionately large, and the low bond 

culties with the placing of concrete and reinforcement due to the numerous 
= small bars required. For units 3 and 4, the design stresses were re-evaluated a 
4 


and compromise ‘stresses for columns and United States allowances for bond > 


_ The use of these stresses resulted in a ra-— 
tional design with an factor of ‘Safety under the 


TABLE 1.—COMPARISON | OF UNIT STRESSES FOR 
CONCRETE DESIGN 3,000 LBCONCRETE 


7 


Brazilian Code, 1956, _| Used for 
in psi in psi and 4 psi 


Positive bending 1,060 or 350 
Negative benc bending 1,200 or 1,700 350 7 


108 


= 


i 


6 


_ Note: | p = allowable load for short column; p' = allowable load for long column; 
h = unsupported height; r = /T7A; and t = least dimension. The maximum extreme fiber — 

_ ‘Stresses given in the Brazilian code can be used when all factors affecting stress are 


with 8 5 sq in. of steel should be subjected to a load of 200,000 lb, the ACI code 
would require this column tobe 15 in. . square, whereas the Brazilian code would | 


“ require it to be only 12 in. square. Under the — stress used in the 
of the extension it would be 14 in. square. 


‘The Brazilian code also allows an increase in concrete compressive stress _ 
exceeding 40% - for members in flexure if the concrete mix is controlled, if it e 
Spe withultimate stress requirement, if alltheforces actingon the struc- | 


_ tureare are neers in the design, and if the design materials and workmanship 
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Short Tied Columns (Nobendingy 850 540 | 
Tied Columns (No bending) | p' =p(1.5-0.017) p' =p(1.3-0.03>) 

4 
16,000 — 

he: effect of these design stresses on the size of columns is demonstrated 
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PIRATININGA STATION 


LOAD OF 200,000L8 
FIG, 4.—COMPARISON OF COLUMN SIZES 
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over the normal dead and live loads may be so insignificant that the use of the 
= pes ct allowable ‘stress results i in extremely slender ‘members, which have 


“ po ha It is realized that the ACI code working-stresses were established 
to allow for extensive variance in climatic conditions, such as occur ino | the 
United States, and that these conditions will not be : so severe in Brazil. 


“TRANSPORTATION 

: One of the major problems encountered in the construction ion of the Sao Paulo * ; 
ye Piratininga plant was transporting heavy and bulky equipment to the site, such © Gq 

as turbine generator parts, boiler drums and transformers. . The city of Sfio _ 

- Paulo, with a population of about 3,000,000, is on the plateau at an elevation : . 

of approximately 2,300 ft and a distance of approximately 60 km inland from 3 ' 
the coffee port of Santos. 7 “It is approximately 500 km from the port of Rio de “<i 

Janeiro. Its approach from Santos is by three railroad lines and the new Via 7 

Anchieta eo ge and from Rio de Janeiro by the Central Railroad and a modern : 


ov 


7 


through the port of Rio de Janeiro. 
__‘The stators for units 1 and 2 were the heaviest single pieces to transport, : 
_ weighing as shipped approximately 260,000 lb each. These were shipped as 
deck loads to the port of Rio de Janeiro and, as there was ‘no crane available 7 


= tation of all the heaviest and bulkiest parts; therefore, these parts | were Shipped 


_ of sufficient capacity to unload them, were skidded off the ship side from the 
deck loaded position. Here they were loadedon a well car, available in Brazil, © 
_ prior to to shipping. All bridges along the Central Railroad line from Rio oo 
7 _ Janeiro: to Sao Paulo were checked and tunnel clearances confirmed by a tem- 
é. - plate run. To obtain the necessary clearances at all points, it was terther 
_-«* necessary to chip rock in some tunnels and move tracks and many signal ob- 
structions. After reaching the railroad yards in Sao Paulo, the stators w were 
_ transferred toa “specially prepared trailer on which they were transported to 


The stators for units 3 and 4, each completely assembled, would have had a 
shipping weight of approximately 385,000 lb each, which is 125,000 lb more 
than the weight of the units 1 and 2 stators. This weight exceeds the limits of © 
any railroad or trailer equipment available in Brazil. Although the Central 
Railroad bridges have been generally strengthened for E-72 loading and could 
_ carry this load when placed upon a special railroad car, ‘it would have been 
ees to construct a special well car to carry the completely assembled , 
4 > - stator. It was established as more economical to ship the shells of the stators | 
_ without their windings and to install the windings inthe field. This reduced a 
a weight of each piece to approximately 166,000 lb and, therefore, it was possi- . 
ble to unload the stators from the ships" using the floating crane equipment 
available in the Rio de Janeiro harbor and then to transport these stators in. _ 
the same manner as the stators for units 1 and 2 cos fee we 
_ As a note of interest, . these are the first large stators to be stacked and ~ 


wound at the site using factory procedures and tests. This will probably lead _ 
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PIRATININGA STATION 
Generally, as of the as was transported 4 
the nearby Santos port and by rail or highway up the Serra to the plant site. | 
staff of key supervisors | in the various crafts was furnished from the United 
“States, ‘but all skilled and unskilled labor was obtained locally. The labor was 
adequate in amount and eager to learn, but considerable training was necessary 
to obtain men qualified for pipe welding and other highly specialized phases a: 
a job. of this magnitude. Total man-hours for this work is appreciably higher 
= for a comparable job in the United States. This is partly due to the lack 
of experience and the lack of plentiful modern constenetion equipment. How- — 
ever, the labor rates being comparatively low, the over-all — of the work — a 
are comparable with | domestic projects. 
— — the completion of the fourth steam unit at Piratininga and the instal- | 
gross: 
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‘This pay paper is to hes physical and economic enhancement that is im- 
Z ‘parted to hydroelectric potentialities by expansion of the power markets to 


which ‘small undeveloped ‘sites may derive from “the rapid il increase in demand 


whichis being encountered by many young power systems in foreign countries. a 


— is widely known that the power potential of many great rivers, such veal 


cause of the ‘minimum size of the projects “discourages their vu use their the = 
_ present. The fact that many potential hydro projects remain too small to be 
attractive until the accessible ‘market grows to sizeable proportions, 0 on n the 


load of the early 1920’s, may become capable of a substantial contribution “a 

the present-day load. As explained in detail | subsequently, the larger load of- = 
fers a shorter peaking period for minimum-stream flow and, thus, increases = 
potential firm capacity; a bigger load can also absorb more hydro energy _ 

7 times of high-stream flow. 4, Outstanding enhancement is not, by any means, 

way 

és imparted in all cases of load growth. Occasionally, however, a site which w a 
- quite properly rejected long ago, as too small to be of interest, may be found 


to have attained d very substantial capability. However, such increased 22 


Note, ee open ‘until September 1, 1960. extend | the closing date al 
month, a written request must be filed with the Executive Secretary, ASCE. This paper 
is part of the copyrighted Journal of the Power Division, Proceedings of the American © 
Society of Civil Engineers, Vol. 86, No. PO 2, April, 1960. 


ia Presented at the October, 1959 ASCE Convention in Washington, D.C. rom 
hes Ebasco Internatl. 100 Church St., New York 7,N. Y. 


- which might have contributed only a nominal, dependable capacity to the 
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_ capability is of little ienertenes ss to the power consumer, unless it makes pos- 


_ sible the production and sale wes hydro power | at a rate ae than some other 


; Stream flow and available head have value only in relation to the power sys-_ 
tem into which the hydro output can be incorporated, and the demand which it 
can serve. For any given load, a particular site—with definite head and water | 
_supply—is potentially capable of a certain contribution in both capacity and 
. | energy. With h any o other load, however, this potential capability would be dif 
; ferent; in oma words, ‘capability is a function of load as well as of water and 
head. Ifa plant is not constructed with enough generating capacity, the po- al 
ty tential capability may not be fully realized; but regardless of the magnitude of 
_ hydro generators, no more than: the potential capability can be attained for the 
same combination of load, , water, and head. No engineer would design a ‘bridge 
- without knowing the load, and this knowledge is just as essential toa hydro ~ 
analysis, even though the term “load” means something quite dif different in the 
d In considering prospects for the development of available | head and water 
: for a particular load, the engineer is evidently faced with the necessity of com- 
a - paring hydro cost with that for the cheapest alternative means of power pro- 
Ps duction. In practice, this usually means a comparison of hydro cost with that — 
- : for steam or diesel- -generated power. In the areas wader discussion there is 
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usually no opportunity to incorporate auxiliary benefits, such as flood control, 
the hydro power must standon its own merits. As inferred previously, there 
is usually no reason toundertake a hydro developmentif it doesnot have acost 
advantage. . Ahydro project ordinarily entails a heavy ‘initial outlay 1 for civil 
works because the dam, tunnels, etc., must be built to ultimate 
size at the outset, even though the installation of some of the generating waite 
¢ be postponed. Also a transmission line must be built from the me site 


i small, ‘and the project” s final average e cost | per kilowatt may be. cuvecgent- 
z low, interest on the early investment, during the years before the com - 
plete installation is needed, may be a critical factor. For example, ‘it might 
_ be decided that X River could be developed to meet load growth from 1965 to — 
oe by the progressive installation of three 10,000 kw units in 1965, 1970, and 7 
1975. It might be estimated that the final investment in the ultimate project 
“would be $6, 000 ,000, which might seem to be quite a bargain, being only $200 
_ per kw. But it might cost $5,000,000 to get the first unit on the line, even 4 
= the other two would come along for. $500,000 apiece when they would be 
— _ Thus, the project would be saddled with interest on some part of 

$s, 000,000 for 15 yr before the investment would be fully productive. With 
. at 10% or even . 12%, which is not unusual for foreign installations, inter - i 
est could be quite a factor in actual cost. Thermal additions, on the other hand, : 
have a more uniform cost per kilowatt, and consequently entail a more gradual 

rate of investment with a lesser penalty in interest charges. Particularly for 
small power supplies, the initial hydro expenses may be prohibitive and for 
many young systems, thermal generation has been clearly the best course 

‘from the standpoint of both the utility and its customers. With expansionof the _ 
system by such thermal additions, however, a small and formerly unattractive a ; 

hydro site may have become sufficiently enhanced to be as competitive as the ? 


next step in extension of power production facilities. _ For example, ‘suppose 


the development of X River had been postponed for 30 yr. r- The capability of | 
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POSSIBILITIES ol 
_ for the full 50,000 kw in a single step at the outset. Obviously the hydro eri 
‘ would be more attractive under the latter conditions. 
Pe: There are factors outside the fields of economics and engineering which in- = 
"fluence the development of power systems, and these are sometimes accentu- : 
- ated in foreign countries. An example of the peculiar situations which can de- 
velop may be of interest. In some parts of the world, the family is still about — 


the largest unit of private business because social custom does not afford a . 


= entrance of interests tems outside the country. In these stneiiing, 
one prominent middle eastern city of about 1,000,000 people came to be served 7 
in the mid 1950’s, by more than twenty- tive independent power systems, « each | 
- covering a segment of the city. There had been no entity with enough resources 7 
= cope with the load as a whole, and most of the power systems simplerepre- _ 
> _ Sented the limit of family finances . In most instances power was scarce and y 
* had to be rationed, « even though it was s customary for the rate per kilowatt-hour 


_ There, and in some other parts ny ‘the world, power has been regarded very ; 
largely as a means of providing light. . A sizeable block of customers on such : 
systems still may consume only about 10 kwha month. _ Plants are apt to be i- | 
_ shut down during part or all of the daylight hours, and rates ; up to” ™ 20 veil onl 
kwh, or even more, are not unknown. 
: “While demand is still subject to these « “growing pains” insome ate of the 
world, the situation has changed rapidly since World War II. In most a 
= where service has been good and rates reasonable, the post- -war increase © 
in demand has been | phenomenal. _ There has been an increased interest in ap- 
_ pliances such as stoves, irons, and air conditioners, and there has also been = 
pronounced acceleration in the trend of industrialization. © Industrialization — 
- provides factory employment, servants become harder to get, and appliances 
become more popular. In some areas of we Americas, compound annual- load — 


discarded hydro sites can attain importance, as a result. 
bir: In considering the power which can be derived from a hydro site, it is 3 all 

important to differentiate sharply between potential capacity and potential — 

. energy; | that is, between kilowatts and kilowatt hours. | With the vast amount a 


can become a big one in an astonishingly Prin time, and sometimes —- 


often the custom to wholesale power on the basis of energy alone, and there is. 
; sometimes” a tendency to lose sight of capacity value. But the utility that dis- 


interconnection, diversity, and reserve that exists in the United States, it - 


. > the wholesale price always reflects it. Particularly in a small isolated sys- A: 


contribution to capacity is a matter of physical necessity. If the hydro plant 
does not measure up to expectations on some dry day, a part of the load has 
to be rejected with all the undesirable consequences of injured public relations, © 
criticism in the press, and perhaps even real damage to some customers. © A 


shortage of energy, on the other hand, simply ‘means that some steam plant 7 


_ overseas, | where a single hydro plant can be a substantial component, its ; 


_ has to burn more fuel for a time, with a strictly temporary debit on the books. | 
_ Further comment as to energy production is offered subsequently, but first : 

consideration will be given to capacity, whichis ~ far the most important com- a 
i _The capacity which any par- 
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“firm” It is water supply that will be available in 
| = the greatest drought reasonably expected, that is, the driest day of the driest | 
year, or if there is storage, the extent of the driest period likely to occur. An 
_ estimate of firm capacity thus calls for a determination of minimum -water _ 
_ supply, and this is one of the most troublesome problems in foreignhydro work. | 
Although there are outstanding exceptions, satisfactory records of stream flow 
are not usually available. In some cases, existing records even have been 
thrown away by newly appointed officials who did not appreciate their value. 

_ When a private or public entity becomes especially interested in a particular 
site, it is, of course, usual to gage the water. But such keen interest is apt to. 
develop only when the the site | comes under active consideration, and not decades 

earlier. The idea seems to prevail, even among engineers in other fields, that 
hydro engineers have some sort of crystal ball for determination of water sup- _ 
ply. In the United States there might be a 50-yr record, and the sponsor of a | 
project would have, as a calculated risk, at least an even chance that no worse te 
conditions than those recorded would occur during the economic life of the ae 
_ plant. _ But if there had to be 50 yr of records, there would be very few hydro 
- plants in the areas under discussion. One has to use whatever data he can get. 


Sometimes the projects are under -built because of a too-conservative estimate. 
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Py oi. PICAL DAILY LOAD CURVE, 50% LOAD FACTOR, 
. ‘Conversely, they may be over- -built. Sometimes the operators can fall back a 
on reserves in time of drought. And ‘sometimes there is a power shortage. 
After the installation of a hydro plant, however, further load growth is often x 
met by thermal additions; this usually improves the hydro capability and the q 
‘significance of water shortage may diminish considerably. An unexpectedly 


critical drought may not occur for many years after the project goes into” ser- 


The basis for potential- power illustrated 


graphically by Figs. 1 through 5. Fig. 1 shows a typical daily-load curve for 
a small —— The ordinate of the curve represents’ the demand on capacity, 


2 
m | | | 

«Wace, ahd Curing Ule me the hyaro Capability y strengthened — 


and the area is energy. vetation n of energy 
to capacity is expressed bythe “load factor,” which may be defined as the ratio — 
_ of average load to maximum load; this factor is considerably lower in young 
zo than in the United States . In the case illustrated, the load factor is _ 
about 50%. At 6 A.M. demand is at the minimum for the day, 30 mw; thisis __ 
called base load. At about 8 P.M. the peak demand of 100 mw occurs. = 
For illustration, suppose the load is met by four identical 25 mw 


_ to produce a total of , 200 mwh of energy. “One, labelled “D”, would operate — 
continuously on the base of the load and would have to generate ha half this amount, 
7 "namely: 600 mwh. However, | generator “A,” ne “operating on the peak, would be in 
_ service for only about 3 hr and it would be operating at full capacityfor only a 
small part of that time. It would be called on to produce only 48 mwh. Although an 
s fuel needed in the case of generator “D.” ” Now let us move 5 yr into the a z 
= future, and assume that the loadof each hour ba doubled, with two 50 mw wunits — 


GEN. AL A= 48.0 MWH 
GEN. B = 95.0 WH 


18 
“HOURS 


FIG. 2. OF PLANTS, 100 Mw LOAD, AD FACTOR, 

_ now is only 12 rik of the total capacity and it need produce only 32 mwh. ‘This a 


is two -thirds as much energy as the same generator was as required to produce 

- si yr before, ., and only 1 3% « of the daily energy in the larger load. This relation | = 
4 between percentage of capacity and corresponding energy, expressed by what 
may t be called a | “peak percentage” curve, is shown by Fig. 4. The scales are 
expressed in percentage and the curve applies to the loads of both Figs. 2 and 
: that is, to any magnitude of load having the same hourly variation. Fora 


load which increases from year to year, a fixed number of kilowatts on the — 


= 
— 
4 
is diminishing percentage of capacity 
of the matter, however, is that this dim fdailyenergy. _ 
calledon to tage of energy production decreases at a_ 


much faster rate than th the percents percentage of capacity. ‘Note that 25% of | the peak | 


, 7 pacity pee 4% of the daily energy; 12 1g, 1.9% of the energy; and 5% only 


Suppose Generator “A” had been a hydro unit. With the head available, the : 

_ water supply on the minimum day represents a definite amount of daily energy. e 

_ The stream flow canbe accumulated in a small pond during off-peak hours and t 
the total daily water — can be released through the plant at will dur ing a = 


‘lad to 200 mw as shown by Fig. 3, Generator “ A” would | be only ly 12 ly of 


_ the total capacity and it would be required to turn out only 32 mwh to meet 25 
_ mw of the increased load; 32 mwh obviously can be produced with only two-- 2 | 
a thirds of the water required for the production of 48 mwh. oan doubling of 


fe) MWH 
B 
| 


= 


912.0 MWH 


GEN. 1200.0 MWH 

- -£=24000MWH 


the deitiain ' load makes it possible for the same plant to maintain its full | 
ore with two-thirds of the water required in the case of the smaller load. 
can also be shown that the same site with an undiminished water supply— 
that is, one capable of producing 48 mwh ina day—is potentially capable ofa 
ered than 25 mw to the larger AS shown by Fig. 4, 48 mwh 


is) 4. 0% of the daily energy” in the 100 mw load, and, obviously, it is half that _ 
percentage, or 2.0% of the energy in the 200 mw load. From Fig. 4, it can be 7 
seen that the latter energy percentage will sustain 17. 0% of the required peak 
_ capacity, or 17.0% of 200 mw. Thus, doubling the load increases the potential, 

_ dependable hydro output from 25 mw to 34 mw with thesame water supply, and — 
 ~Fig. 5 5 illustrates an extreme > case of how hydro capacity can increase with a 
the same site and water r supply. . This. hypothetical site offers 100 m of head 
a water — 1 or about 21 on the minimum day. 
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_ HYDROELECTRIC POSSIBILITIES 
the top of Fig. 5 there is a curve which illustrates the utilization of this. 
"energy at 60% load factor me an isolated load, where the one hydroplant would ~ 
»* the only source of power. Under such conditions the plant would have to be 
_ inoperation for 24 hr a day and the maximum demand that the hydro. plant could © 
meet would be only 1. .4 mw. It might not be worth while to build the hydro plant _ 
for such a small output. However, if steam additions were made to support load — 
_ growth to the extent shown by the lower curve, the ‘Situation would be different. 
Here the hatched area “TI” at the base of the curve represents the thermal 
energy produced by 40 mw of thermal Capacity in extreme drought for a load 
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FIG. PERCENTAGE CURVE, 50% LOAD FACTOR, 
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exactly the same size as that under the ‘upper curve, but due to ‘the shorter 
operating time with the larger load, the attainable hydro capacity is seven. a 

times the hydro capacity attainable in the situation shown by the upper curve. 2 


hydro. development might very well be basis of this larger 

_ Improvement in hydro capability, as described Mie ‘is more pronounced | 
with low- ‘load factors and ‘sharp _* sometimes happens that load factors” ' 


particularly true in young systems. diadedie-eiteseetmamlmaiell 


_ Up to this point, comment has related to the contribution of the hydro plant 


o system load-c carrying capacity under under the worst water conditions. years 


i 
a. 
ie _ the hydro plant would be in operation for only about 3 hr, andthe same mini- [im ¢ 
mum day hydro energy—21 mwh—could meet 10 mwof the loadas shown by the 
— 
— 
— 
d 
= — 
90u — 
x 
[a jj. become more blunt. These conditions can diminish, and in extreme cases —- - 
wate, the gain in holden In mact hoawover tho chang 


DEPENDABLE HYDRO CAPABILITY DURING DROUGHT 
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FIG. 5.—-DEPENDABLE HYDRO CAPABILITY DURING DROUGHT, 
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HYDROELEC TRIC POSSIBILITIES | 


of critical drought, a hydro plant may produce very little sun and in a com-_ 
bined hydro-thermal system most of the energy component of demand 
will be produced with fuel. However, years of great drought are rare. In wet 
years a hydro plant may operate continuously in the position shown for unit 
“D° in Fig. 2, and produce half of the system energy. At such times thermal 
units are switched to the peak, where they contrite their full capacity with 
_ little fuel, just as hydro units on peak require little water. In normal years, — 
_ hydro might occupy some intermediate position between en the base | and the peak D 
as, for example, that for unit “B” or “C” in Fig. 2. Over the life of the hydro. 
project, the quantity of hydro energy which can be producedis a function of the ~ 
"average water supply, and not the minimum which governs capacity. ie 


ad A hydro plant’s energy falls short of full use of the average water supply | a 
under two conditions. The first of these conditions exists when the uncontroll-_ 
ze stream flow exceeds the maximum volume that can be passed through the > 
turbines, and spills past the plant intake. To convert such spill | to useable 
_ energy, additional plant capacity may be installed. _ However, this additional 
_ capacity is inoperable in dry years and hence cannot help to meet the load. In 4 
some cases, such excess capacity can produce enough energy, on the average, 
= justify the cost of its installation only by the fuel saving at the thermal plants. 
load growth and thermal additions may ultimately “firm | up excess 
The second occurrence of waste is in water that can produce hydro | energy ~ 
_ only during hours when there is no demand. For example, suppose both | gener- 
ators “C” and “D”, Fig. 2, are hydro units operating during a season of an un- — 
“controllable stream flow that is sufficient to run b both units continuously. Dur- 
ing -the hours from midnight to 6:30 P. M., , there would not be a demand for all — 
_ the output of unit “C”, consequently there would be some waste of water. ani 
As the load increases, potential energy production is improved | by the pos- be 
sibility of reducing waste in both of the above categories. First, the larger 
load makes practicable a bigger installation, consequently there are, potenti _— 
ally at least, fewer occasions when the turbines will reject water. Second, the — 
_ base load increases along with the peak load, and this eases the off-peak re-— 
o striction on the marketability of energy. | ‘Notice that for the 200 mw load of 
3,50 mw of hydro could wer run continuously, w! while this ws this was in 


: z “Hydro power must be ‘competitive in cost with p power from other s sources, 
~_ to be attractive to the consumer . The value of a hydro site depends just al 
7 ‘much on the system into which its ‘output can be incorporated and the demand — 
: it can serve, as it does on water supply and fall. A measure of the project’: s 
worth is, thus, the steam or diesel expense which can be avoided by its con- 
struction. . The firm hydro capacity which can contribute with reliability to. 
‘meeting: the load makes it unnecessary t to build equivalent | thermal _cagacky, 


‘the fuel cost and other operating expenses incidental to producing the > same 
amount of energy by steam. If the present worth of estimated annual charges = 
on the hydro plant — that is, the capitalized value of interest, amortization, tax- a 
insurance, and operation—is less than the present worthof similar charges 

and fuel expenses corresponding tothe thermal power avoided, the hydro isthe i. 
buy. And even if the is uneconomical it may become attractive 
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ILGOT LANNER. '—Mr. Mundal’s paper gives a and valu- 
able engineering picture of the 400 ft high Brownlee sloping core rockfill dam. 7 
_ This paper was of special interest to the writer since his s organization is pres- 

ently engaged on the Trangslet Dam of similar type, height and yardage. 
Brownlee and Trangslet Dams are allof sloping core rockfill type, of approxi- 
mately 400 ft height and each 10,| 000 cu ydof 


total height; and storage was "250 ft. ‘The: entire project will be ‘completed 
the end of 1960. It is the intention of the writer’s organization to make a de- | 
_ tailed presentation of the engineering andearly performance of the dam in 1961. 
Hitherto, only very brief international mention of the  Trangslet Project “i a 
been made, viz. in the Engineering News-Record, Sept. 11, 1958, pages 60-66, © 
‘ (special issue on the occasion of the ‘Sixth International Congress on large 
: dams—ICOLD—in New York). However, the dam was demonstrated to the par- 
ticipants in the 26th Executive Meeting (ICOLD) on June 11, 1959. The entire 
~ project is planned, designed and constructed by the private company Stora 
_ Kopparbergs Bergslags AB., Falun, Sweden, under the / management of Vilgot 7 
Lanner with Thorild Persson as chief designer, and Albert Anderssonas chief _ 
resident engineer. During the visit to _Trangslet printed information on the © 
project was handed out to the participants. _ The writer presents herewith in- a 
formation concerning the dam in order to put technical dataon these high rock- — 
fill dams together in the technical literature as a part of this very Peace 
than compare features of the dams, the writer present 


The local conditions are such that the dam at Trangslet _ be constructed ¥. 
- either as a concrete gravity dam, or as an earth or rock fill-type dam. The 
r fill-type of dam was decided on, in view of greater permanence. Since ma-— 
- terial was readily available near the site, a rockfill dam with impervious core 
was found to be technically and economically motivated. An inclined impervi- . 
ous core was given preference to a central core for the following r reasons: : 7 . 


"With impervious core it is to carry out the support- 
ing rockfilling in advance, and this involves that initial settlements can develop 


Mgr., +» Pow Power Stora Koparberes Bergslags 
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without the impervious core having reached a point where it would | -  injuri-— 
_ 2. Construction of a dam with a sloping core provides more _ regular em- 
ployment for labour and machines than a dam \ with a central core ina climate | 
where there is a limited season during which core ‘material may be placed. a 


oe ° With an inclined core, the downstream rockfill may be sluiced with water - 


t risk of d to the filt 

At Trangslet the cane consists of syenite and porphyry with isolated sections ~ 

_ of diabase. _ The surface layer of foundation rock had been affected by atmos - 

_pheric decomposition, and extensive clearing operations were necessary, 

pecially in the area covered by the impervious core. 


an Conditions at the site are such that the cost per cubic ya yard for rockfill and a! 
‘moraine will be approximately the same. This, together with the fact that the 
shear strength of the core material is high, has contributed to the decision os 
the impervious core should be relatively thick. A general view of the dam is 
Shown in Fig. Li anda cross sectionin Fig-L2,. 
_ _Inorder to allow for future settlements, the impervious core vin horizontally 
_ bow-formed witha maximum chord of 50 ft, and will, when completed, rise 


above the crest at the center of the dam by 5 ft over the horizontal plane. © 
q 


Crest width 10 ft) ft) 


“Incline of of downstream slope é 25 


downstream — rock) | 3, 25 mill. 
filter, downstream (moraine stone) 


Medium filter, an (grated crushed 25 mill. cum 


filter, downstream gravel) 0. 25 mill. cu 


Impervious cor core moraine) mill. cu mn 
(1.91 mill. cu d) 
‘Filter, upstream (ungraded 25 mill. cum 
(0.32 mill. cu yd) 
_ Supporting rockf ani 1.20 mill. cum 


upstream (1.52, 52 mill. cu 
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_ Construction.—Work .—Work on on the pase : vock.= —All loose and decomposed rock must 
be removed from the area where the impervious core and the filters will contact 
7 the base rock. _The surface ot the rock is then cleared and concrete is added 


ae _ Below the impervious core and ina position indicated in Fig. L2 a grout fs 
curtain has been made in the rock. _ The depth of these cement injections is 
determined by drilling tests and pressure measurements in drilled holes at 
various —— Generally, injections have been made to a depth of about 65 ft 7 
65 ft (20 m) from the injection curtain and at a depth of 
: about 65 ft (20 m) an inspection gallery runs under the entire core, acting as a 
ss for the rock under the core. . In the future, any necessary complementary — 
injections under the dam can be carried out from this tunnel. The inspection — 
gallery is drained ‘into the discharge 
Fill ‘Materials.- — The ‘Tockfill consists chiefly of porphyry from the quarry 
upstream from the dam. Rock from the various underground operations — —alter - 
- natively porphyry and diabase—is also put in the dam. In eye tunnel ck 
high of small- -sized 
Rock size: 
Quarry rock 
Tunnel rock 


q For this reason oii roek is is ‘normally used in th 
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3 DISCUSSION 
of stones out of the This rock norr normally va: trom 
“100 to 200 mm and is very suitable for the coarse filter. Graded crushed onl 
from underground operation, sized between 15 and 80 mm, is used for medium 
filter. The fine filter is composedof river gravel to a maximum size of 50mm. 
‘The grading of the material used in the filters is described in Fig. L3. ——. 
_ Material for the impervious core is taken from a moraine deposit close to 
= the dam site. To: render the moraine suitable for use as core material it is 
i¢ necessary to reduce the content of stone. This is done by rejecting all pieces 
over 100 mm. . An average | of 30% is sorted out and then used in the coarse — 
‘filter, as described above. In this way a suitable core material is 
_ with a clay content of approx. 3% (<2u). Further details of grading appear in 
_ Fig. 3. The core material has its optimum moisture content at 7 to 8%, calcu-— 
; lated on the basis of material less than 16 mm. The moraine material has in 
general a permeability considerably lower than the value establishedas an up- 
_ per limit, i.e. 0.10 cm/h. The shear strength of the material has been deter- 
7 mined and the value of ¢ is 45°. Laboratory tests have also shown that this 
value will increase when the reservoir is filled. This is equally true whether 
- the material is packed at Proctor optimum or by the wetpacking method. La- — 
,. boratory tests have also been carried out to determine the effect which the © 
* woan of storage would have on the stability of the core material. These 
_ tests disclose that the variations have no appreciable effect on the degree of 
Placing of Fill Materials.—The ‘part of the rockfill, which transmits the 
- load from the impervious core to the base ‘rock, is sluiced so as to obtain a 
= of sound supporting material. Sluicing is carried out with high-pressure ~ 
_ nozzles at a pressure of 20 atmos. (300 psi), the capacity of the pumps being = 


6000 1/min (1320 gal per min). To every cubic yardof rockfill 4 cu ydof water ff 


used. Rockfill downstream from the supporting section is not sluiced. This 
is builtup during winter. The rockfillis dumped from fairly great heights, 
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_ up to 20 m (65 ft ft)as experience indicates that settlement “ee will b be less when such 
_ heights are used. This applies particularly to rockfill that is dumped in winter. 
_- The coarse filter is sluiced and then packed by tractors in a layer of 0.5 to 
4 m thickness. The medium and fine filters are sluiced and packed in layers of 
6. 5 m thickness. - The vibrator used in compaction is shown in Fig. LA. ae > 
‘The moraine material is compacted in 0.3 m loose layers (11.8 in.) by 40- 
_ tonrubber-tired rollers. Six rollings give over 95% effective compaction which = 
‘ is the minimum aimed at. During rolling, the moisture content is kept, if pos- _ 
; 7 _ sible, around 7.5 to 8%, or somewhat over the Proctor optimum. The material 4 
_ is dampened when necessary. . Experience shows that it is difficult to drive p 
_ trucks and rubber-tired rollers over the material if the moisture content goes s 
: ot to 10%. At a moisture content of 10. 5% | such | operations are not ——. 


FIG. L4, _VIBRATING THE FILTERS TRANGSLET D DAM 


- Control.—A continuous check is kept on selection and treatment of material. 

Special care is exercised over the quality and treatment of material for the 

impervious core. In the course of compaction, tests are made of the compara- 

__ tive degrees of compaction. A sample of such a test report is shown in Fig. 6. 
ri A modern aid to the continuous and rapid checking of packing is the isotope 
Observations. —The dam, during construction as well as for a a long period 

F after completion, will be the subject of various observations, including : mea- 
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Measurements 
- carried out hitherto have been mainly ‘concerned with material placedin winter 


7 and thus not sluiced. ‘a here is evidence that settlement decreases rapidly as 


¥ Leakage.— Leakage along the entire dam is expected to amount to 8 1 per 


sec (1.8 gal per sec.) with a seepage rate of 0.10 cm per hr (0.04 in. per hr). 
. enna has been found to be better t! than anticipated and the actual leakage 


FIG, ‘Ls. —WORK ON THE CORE IN EARLY SUMMER 1959 - ~ TRANGSLET DAM — 


therefore less than the given. is at three 


ie _A spillway a been arranged at the foot of the dam, in which 2 allwater — 
are collectedand measured. Correctionfor rainwater snow , will be neces- 
Under the lowest section of the dam there is a gallery in which leakage ~ es 
water from the contact zone between the e impervious core and the | ground ~ 7 
a" rock is collected and measured. This arrangement is already in use. 
v At the present storage level upstream, which is 35 m (115 ft.), the leak- 
does not exceed 0.2 lit. -/sec. (0.044 gal. 
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. the entire length of the core. Measurements of leakage water are ine 


in vertical drainage wells 5 to 10 m (16.4 - 32.8 ft.) from 
Pore Pressure Measurements.—Instruments are being into the 
_ interior of the core, to enable pore pressures to be measuredat different points — 


in the of the dam. pressure measurements are made in fissure 
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areas in —- base rock under the dam. The pore pressure measurements are 
checked from the inspection gallery. These measurements will be of value 7 

_ Marmining the significance of the speed of storage. The normal regulating — 
height will in future be 25 m (82 ft. the maximum variation is 
expected to be 1 m. day. 
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‘The equipment used is: 


Excavators 


20-ton Faun 
Faun 
. 5/6- ton of various 


ton Caterpillar D 
Euclid 


Rubber - -tired ‘rollers 
‘Vibration machines 


Dering the summer half- year, when work is on in three 
shifts, 3 x 110 = 330 men work on the dam. More than 30 cu m per man and 
- is then to the about 4 cum m per man per hr. 
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DISCUSSION 


sis of costs for the various mater- 


‘ials are expected to amount to the values shown in the table below. 

4 U 


Length of Volume Capacity nit price 
transport cu yd cu yd per rhr costs for 
administration 
£/cuyd $/cu yd 


(blasting © 


Coarsefilter 1 0. 
(transport = 
sluicing 
compaction) 
Medium filter 
crushed 
from the tunnels 
— 


filter 


graded gravel 
screening 


‘sluicing 


Impervious: material 2 = 


graded moraine 
— 


‘screening 


8 
Mean. -price without costs for administration sh/cu yd =0. 95 / cu yd = 

- o foundation work is included in a costs, nor do the res 

TORALD MUNDAL,2 “F. ‘ASCE.—The writer gratefully a acknowledges 
‘tributions of Messrs. Leonard, Lawton, Hsu, Ito, Condit and Lanner. i 

_ As indicated by Mr. Leonard, the combined cost of excavation and rock in 


3 Vice Pres, and Chf. Engr., ‘Internatl. _ Engrg. Co., , Inc., San Francisco, ,Calif. 


— 
place Was Unusually pally Gue tO the fact tat Nearly a 


4 


furnished from required Related factors contributing to the 


economy of the operation 


1. Little or no had to be : stripped. 
Blasting was skillfully performed. 


Because operations were well scheduled, stockpiling or 


Mr. Lawton’s question concerning “. specially drilled and grouted ation 


i near the left abutment,” was well taken. As described in the paper, foundation 
3 treatment included botharea andcurtain groutingin the coretrench area. Area 4 
ia _ grouting was accomplished by means of shallow holes on ten-foot centers each 
be way. . Curtain grouting utilized a line of deeper holes. As drilling and grouting | 
- operations progressed, it became apparent that the treatment had to be supple- 
P a mented in the left abutment area. Consequently, a number of additional holes, 
as much as 300 ft deep, were diamond drilled and grouted to stem the artesian 4 
ee flow. ‘Thus, these holes were “special” in the sense that they were not origi- 
—_ planned; they were substantially deeper than the grout curtain holes; and 
they had no specific pattern or depth, inasmuch as requirements were dictated 
entirely by field Locations and depths were determined by experi-— 
| Mr. Lawton suggests additional discussion concerning rockfill sizes and the 
effects of diversion on the fine and coarse filter zones. With respect to sizes 
hes of rockfill, the exposed material at the time of diversion was within the range 2 
7 =) of 6 to 36 in. As was the case with the impervious core, both the fine and 
Fi. coarse filter zones were at an elevation about 10 ft lower than the downstream 


= rockfill. Since the channel through the rockfill was restricted, the water pond- — 


- cofferdam materials were deposited. After clean- “up, | it was found that effects | 


‘ ‘: ed over the core and filter area, and due to relatively low velocities, silt and 


_ of diversion flows were negligible, in that the fil filter ‘and core zones had not 
J > Mr. Lawton requests justification for the statement, “unit costs for rock — 
7 placedin | the dam dam is estimated tobe about half the cost for si similar construction — é 
&, 10 to 15 years ago.” ‘An examination of contract unit p prices for other rockfill — ; 
fs projects constructed since 1945, will reveal that combined costs ranged from : 
$8 to $5. Unit costs for excavation and embankment have, in effect, decreased — 4 
in recent years because of greatly increased - equipment capacities and effi- 
-ciencies. _ For Brownlee Project, the factors enumerated at the beginning 7 
_ this discussion effected economies sufficient to lower combined excavation and 


embankment operations costs to the extent indicated. 
a. _ Mr. Condit’s discussion of dam movement after completion is of great in- 
= in that the observations indicate that movement has beensomewhat less 


than what might normally be expected. 1% For example, it is generally felt that 


i -pere cent of the height of the fill. Maximum foundation and embankment tie 
_ ment at Brownlee was 0. 546 ft at Monument F-4 for the recorded period; less 
7 than 0 0.2%. - Settlement will undoubtedly continue for a number of years. How- 


ever, inasmuch as the reservoir has been completely filled since June, 1959, . 
most of the has already and any future settlement will be 
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DISCUSSION 

vestigations were correctly interpreted, and that foundation preparation and 
_ treatment > were properly designed and constructed; and (2) the various em- - 

bankment zones— core, filters, and and rockfill—were well selected and con- 

oa Mr. Hsu’s presentation of stability analysis details is a welcome. addition 

the discussion. This information, which was only briefly covered in the 


original paper, - should be of great interest to designers of rockfill dams. a 


vide interesting technical data for inclusion with the discussion. “Table 1 pre- 
7 = readily ne comparative data for Brownlee, Miboro, and Trangslet. ; 


-Miboro o or This may ‘be attributed to the fact that charac 
teristics and availability of Brownlee core materia: were such that design of a 


BROWNLEE 


Crest Length 
~ 
Core hickness (average) 
re 
Rockfill, ,UAS Face 
Rockfill, D/S Face 
an Impervious Core, U/S Face 
D/S Face 


a sy 


4,126, 000 
2,438,000 | 1,520,000 
‘Filters 468,000 600,000 
= 


Volume cuyd | 481,000 9,160,000 


_ Brownlee by designing the rockfill to be founded on as much as 100 ft of exist- 
ing consolidated sand and gravel, rather than bedrock. As pointed out previ- 
he ously, settlement rates have ve been low, indicating that the foundation material 
is, for all practical purposes, as satisfactory as bedrock. he — id 
The writer wishes to express his appreciation of the interest taken by the — 
7 | contributors to the discussion . Active participation of these interested persons 
» has made possible a more comprehensive presentation for inclusion in this — 
Symposium on Rockfill Dams. ‘It is through such activities that significant 
technical information may | be disseminated throughout the world for the benefit — 


i An aerial view of the completed Brownlee p project is shown in n Fig. Ml. 
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— _ FIG, M1.—BROWNLEE HYDROELECTRIC PROJECT 
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CLIFTON W. BOLIEAU,! F. F. ASCE. —The i interest shown by lll 
Johnson is appreciated. Mr. Richards questions the need of two-speed 
operators on the pump discharge valves, and, in some cases, even the need of - 
valves. Withonly one pump per condenser a valve is unnecessary, but incentral-| 


_ station plants two pumps per unit seems imperative to assure continuous levee 


generation when one pump is out of service, even though plant efficiency is re- | 
duced. With two pumps per condenser, valves are quite necessary so that one 
i may be out of service for repair. _ The small additional cost ofa two; 


=’ opening valve will greatly reduce p1 pressure ‘rises in the circulating : system and 
a condenser on startup. With one of a pair of pumps being shut down, a qe 
closing valve reduces the chance of backflow through the stopped pump. Mr : 
-Johnson’s discussion further confirms the desirability of two-speed 
‘a The writer’s reason for throttling the pumps under low-head conditions is 
not, as stated by Mr. Richards, to prevent pumps from operating too far out on 
bs their curves but to prevent too high condenser - tube ne which would cause 


Mr. Johnson’s suggestion of utilizing the head sennenis in the system at 
low river er stages for turbines considered at T TVA’s ‘Watts Bar 


- However, net showed that the amount of power which conte be pro- 
"duced under the low heads and short periods available would not pay for the 
x structures and equipment necessary. _ ‘There is no question but at other sites 
turbines could be justified, and each plant should be studied with this in mind. | 
= In the matter of filling the | system it must be admitted that in spite of in- 
‘structions to the contrary, an operator occasionally does fill the system with - 
“the circulator pump and discharge valve throttled. However, this is dangerous © 
Sa the air in the water boxes must be exhausted through a ‘relatively s small — 7 
_ vent pipe which has a ‘much greater capacity for air than water. When the box- — 
es are full and the vents have to change suddenly from carrying air to = 
_there will be a sudden pressure rise in the boxes which may put undue strains _ 
. : the tube sheets and start leaks which will contaminate the condensate. With — 
‘most new plants now using once-through boilers, this fact becomes more im- 
In reference to Mr. Johnson’ 's comment about | the field tests of the Widows 
creek Steam Plant Unit 7. pumps, these pumps are installed but ‘cannot be test- 
ed until the condenser and turbine are more nearly complete. It is interesting 
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1 prin. Mech. Engr., Div. of Design, TVA, Knoxville, Tenn. 
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to note that the pump manufacturer tested one of the pumps at full eneet ts in his 
shop before shipment. This test was witnessed by the writer and although much 
of the flow was beyond the limits of calibration of the Venturi meter used, a 


good | basis of comparison is available. 
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_ CONTROL OF CRACKING IN CONCRETE GRAVITY DAMS® 


BRYANT MATHER. 1_the authors’ comprehensive of of 
_ Engineers practice, its evolution and effectiveness, will be of great and con-— 
- tinuing value to all who are interested in the problem of the minimization of — 
sea a0 cracking in concrete structures. The authors, quite properly, go 
back to first principles in stating: When tensile stress in excess of tensile | 
_ strength develops, a crack occurs.” Their comments on methods for advan- aa 
_ tageously controlling the stress level developed in the concrete, or thestrength | 
_ of the concrete, are, however, generally limited to the factors having direct of- 
_ fects on heat development and heat loss. * They mention that “ very little > com-— 
_ pressive stress develops as a result of the initial rise in temperature because ; 
of low modulus of elasticity and the relatively large amount of creep which oc-_ 
_ curs, ” but they do not follow these points up by suggesting the possibility of 
reducing the tensile-stress level in the concrete during ‘cooling by. intentional 
_selectionand use of materials soas to produce concrete of reduced modulus of ; 
_ elasticity and increased creep. It would appear that whatever practical veg 
ous means could be taken to produce concrete with a relatively low modulus of Rie 
elasticity at later ages during g cooling, they would be beneficial from the stand- — 
"point ofpreventing cracking, 
_ The authors refer to to the necessity for “the use of well and uniformly graded 
aggregates,” in order to ; achieve “uniform and sustained use of the lowest 
- practical cement factors. ” They also note that the thermal properties of the 
concrete “are largely determined by the thermal properties of the aggregates,” 
and that these “influence both the magnitude and rate of heat loss and tempera-_ 
a ture changes.” They then state that the thermal properties are “for all intents — 
_ and purposes not subject to control,” since “the aggregates used in a structure 
_ are largely fixed by availability of suitable materials and economic consider - a 
> The Owe of this discussion is to call attention to the possible influence _ 
of factors, other than the thermal properties, that depend | on the nature of the 
_ aggregates and the way that they | are used in the | concrete, on | the crack resis-_ 
_ In the authors’ comments on the experience of the Corps of Engineers, they _ 
"point to the John H. Kerr Dam as characterised by a ‘ “phenomenal” absence of 
: _ cracking, and to the experience at Pine Flat and Detroit Dams as “good,” ys not-— 
: : ing that on these latter two the experience was ‘ “excellent” ’ in comparison to 
+ that on Norris Dam. One characteristic that John H. Kerr, Pine Flat, and > 
Detroit ‘Dams! have in common is that the > concrete aggregate siliceous; 


October, 1959, by William R. Waugh and James A. Rhodes. 


Special Investigations Branch, Concrete Div., U.S Army Engr Waterways 
_ Experiment Sta., Jackson, Miss, 
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Katherine has cited some of the results of 1: 

of 10- “in . diameter cores from five of the dams mentioned by the authors. The - 

‘fine and coarse aggregate used in the concrete in three of the dams was manu- 

Fr factured from limestone. In one, it was manufactured from granodiorite, and 
_ in one it was manufactured from quartz diorite. Each dam was represented by 
5 cores from exterior and from interior concrete, and information was provided _ 
on the location in the structure from which the cores were taken, the age of the | 

concrete when the cores were drilled, and the mixture proportions and agere- 


gate gradings. 7 Four of the aggregates had previously been tested at the U. .S. be 


physical tests, of freezing-and-thawing tests of concrete specimens, and 
- petrographic examinations were available. / . All of the cores V were examined by 
careful inspection without the use of a microscope, the « coarse aggregate con- x 


: ‘broken surfaces were examined at low magnifications, and many thin sections 
of the concrete were prepared and studied at high magnifications. ‘ten —— 
_ The three limestone aggregates were not extreme variants in the Wenhies > 
group, , but they did differ considerably in trackers, texture, and composition. — 
One was a | relatively pure calcitic limestone, on the average finer - -grained and P 
more even- -grained than the other two. The second was oolitic and fossili- 
ferous limestone grading into sandy and shaly limestone. It ranged in grain 
size from very fine-grained to coarsely crystalline. The third contained about 
25% of chert, was the most cohesive of | the three, and was moderately fine- 
grained. The two siliceous aggregates were medium- -grained, slightly foliated 
granodiorite and moderately coarse-grained quartz diorite. The grandiorite | 
was not altered but had some internal microfractures. The diorite was altered 


but was thoroughly » interlocked by intergrowths of feldspar and quartz in the | 

= Comparisons of thin sections of the concrete made with the limestone agere-— 
gates and those made with siliceous aggregates revealed several conspicuous - 
differences between them . One was the difference in the crystal size of the _ 
calcium hydroxide, which is one of the products of the hydration of portland 
cement, between the concretes with | limestone aggregate and the concretes with 
siliceous aggregate. Those with limestone aggregate had relatively small cal- 
cium hydroxide crystals, and those with siliceous aggregates, relatively large 


ones. ‘This relation, observed | in in all of these cores, has also character- 


It was also found between concretes of the same age made with the same port 
land cement and what was intended to be the same grading of thefine aggregate. 
_ The second consistent difference between the concretes with limestone ag- 

_ gregate and the concretes with siliceous aggregates was the difference in the 
amount and particle-size d distribution of material finer than the No. - 200 sieve 
s the aggregates in the concrete. The difference in crystal size of the calcium — 


oo z 2 “Crushed Limestone Aggregates for Concrete,” by Katharine Mather, Min ining 
fi 3 “Applications of Light Microscopy in Concrete Research »” by Katharine Meter, 
Symposiumon Light Special Tech. Publication No, 143, 1952, pp. 51- 
4 “Petrographic icedeninds. by Katharine Mather, in section on “Hardened Con- _ 
“crete” in “Significance of Tests and of and Conerete 


a _ the aggregate used in the concrete in Norris Dam and in several of the other © ‘ igi 
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PO 2 DISCUSSION 
hydroxide, and the difference in abundance and si size of the aggregate particles — 
_ finer than the No. 200 sieve, implies another point readily observed in the thin 
sections: There are larger areas of apparently amorphous, hydrated cement ui 
gel uninterrupted by crystalline particles in the concretes with siliceous ag- — 
 gregates. . This observation correlated with the tendency of the cores | from 
_ which the thin sections were made to develop cracks. When sawed surfaces 
the concrete cores were examined at low magnification after several months 
exposure to laboratory air, all of the limestone-aggregate concretes had more 
ens per 100 sq in. than either of the siliceous-aggregate concretes. _ ars Se 
_ The consistent differences in amount and particle-size distribution of the 
aggregate finer than the No. 200 sieve depend on differences in physical pro- — 
g perties of the mineral constituents of the two classes of aggregates. The per- 
centages passing the No. 200 sieve in the fine aggregate gradings, as reported, © 
showed an average of 3.5% in the two consisting of ‘siliceous materials, and 
from 4.8% to 8.1% in the three consisting of limestone. The actual quantity of 
"aggregate finer than the No. 200 sieve in the concrete included the panna 
e - amount, as well as an additional amount consisting both of that adhering to the B 
ie _—-Ageregate particles of larger size as batchedand not allowed for, and that pro- 
_ duced by wear between the ‘point where samples were taken for sieve analysis — ; 
_ and the final location of the aggregate inthe concrete. 2 
_ Inthe crushing of brittle crystalline solids, the amount of newsurfaceformed _ 
_ per unit of energy input increases as the hardness on Moh’s scale decreases.5 — 
Quartz has a hardness of 7; the feldspars range from 6 to 6.5; calcite has a __ 
- hawdnese of 3. The same expenditure of energy, therefore, yields about 1. a 
"times as much new surface on calcite as on quartz or feldspar.° 5 ‘it all the ag 


_ mixing, the amount of new surface gentieied on the limestones should be about — 


1. 8 times that produced on the granodiorite or the quartz diorite, and the amounts — _ 
& _ of material finer than the No. 200 sieve should be proportionately different. As - 
a matter of fact, the limestones were of finer grain;it was difficult to compare 
: the degree of interlock between the limestones and the diorite and i granodiorite. 
; _ There were two other features of these concretes that were related to the 
‘amount of aggregate finer than the No. 200 sieve inthem. Like all portland-— 
: cement concrete placed by conventional methods, all these cores showed some 
i evidence that the mortar had bled water and subsided under the larger coarse _ 
aggregate particles before set. _ However, the limestone-aggregate concrete 
_ bled less and subsided less under the aggregate than the siliceous-aggregate 
“3 - concretes. observations may be explained as due to the effect of the 
presence of differing amounts of material of high specific surface in reducing — 
bleeding, and the greater effectiveness in this respect of pulverized limestone 
as compared to pulverized quartz of similar specific surface. 
‘The additional effect of the larger amount and smaller average particle size 
_of the limestone particles finer than the No. 200 sieve was a reduction in amount 
_ of entrained air in mortar, and a reduction in maximum and median size of the 


individual air voids. etd A given air content in voids of small size should give +o. | 
more frost resistance than the same air content in voids of larger size. T In 


_ 5 “Basic Laboratory Studies in the Unit Operation of Cenetang,” by J. WwW. Axelson et a 
al, Transactions, AIME, vol. 184, 1951, pp. 1061-1069, an. 
6 “The Bleeding of ‘Portland Cement Paste, Mortar, and Ciciihnahes Treated asa 
- Special Case of Sedimentation,” by T. C. Powers, Bull. 2, Research Lab., Portland 
- 7 “The Air "Requirements of Frost-Resistant Concrete,” ” by T.6. Powers, Proceed- 
in 
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Fig. Ml, the points designated Dams B, and E ‘refer t to the limestone- 
aggregate concretes;Dam C contained granodiorite aggregate;DamD concrete 
a _ The modulus of elasticity of the concrete in the cores from Dams. A, B,and — 
gE, made with limestone aggregate, was higher than that of cores from Dams Cc _ 
and D, made with siliceous aggregates, although the ‘difference was not very _ 
great. Cores from the John H. Kerr Dam with siliceous aggregate, where the a 
absence of cracking is phenomenal, were compared to those from two other 


structures made using limestone aggregates, where moderate to extensive . 


_ cracking has taken place. “In this comparison, the micro structure of the con- — 4 ; 


crete with limestone aggregate resembled that of the cores from Dams A, | B, 
and E, while the microstructure of the concrete from the John H. Kerr Dam 
resembled that of the cores from Dams C and D. The modulus of elasticity of 
_ the concrete in the cores from the John H. Kerr Dam was about 0.4 that of the — 
_ average of the concrete in the cores from thetwo other dams, made with lime- 

stone aggregates, with which it was compared. = =  — 

It has recently been suggested® that the differences in effectiveness between 
‘ne and sandstone additions in controlling expansion and cracking of 
‘Kansas sand-gravel aggregate concrete may be due in part to the opportunity — 

for calcium hydroxide to form -epitactic overgrowths on calcite but not on 
Jacques Farran? has reported datathat demonstrate that suchepitactic 
growth results in the development of stronger bond between portland-cement © 
paste and clean polished calcite than develops between cement paste and on 
polished quartz. _ The presence of a myriad of tiny calcite particles andtheir | 
attractiveness as growthsites for calcium hydroxide, may account for the dis- - 
ee of the calcium | in small crystals in the matrix of the © 
"Photomicrographs of thin taken in plane light and with ‘crossed 
nicols at 165diameters magnificationof interior mass concrete from Dams B, 
D, and E are available? as are similar photomicrographs of thin sections of 
exterior mass concrete from Dams A, B, C, and D;9 the differences in micro- : 
_ structure and texture between those made with limestone and siliceous aggre- 4 


_ These observations suggest that there may have been contributions to crack y 
~ resistance of the concrete indams such as John H. Kerr, Detroit, and Pine Flat — 
by the fact that the aggregates used were siliceous. They also suggest the de- _ 
- -sirability of further studies of the possibility of reducing the degree of crack- * 
_ ing caused in concrete as a result of given combinations of temperature history | 
and restraint by selection and use of aggregates in ways that may result in 
7 making the concrete inherently more crack-resistant. = = © 
 Inselecting aggregates for use in large dams, it might be wise totake great a 
er cognizance of the fact that concrete of low modulus of elasticity is more 
_ prone to creep and less liable to crack than is concrete with a high modulus. — 
In cases where it / appeared impractical to select siliceous aggregates that 
- would produce more crack-resistant concrete, it might be beneficial to control 
_ the grading of the coarse aggregate carefully to produce the lowest void con- 
= possibly by th the use of gap gradings, 80 that the least ‘amount of mortar 


_ 8 Discussion of W. C Hansen, “Expansion and Cracking Studied in Relation to Ag- — 

gregate and the Magnesia and Alkali Content of Cement,” by Bryant Mather, Journal, be 
_ Amer. Concrete Inst., Proceedings, vol. 55, September, 1959, pp. 1507-1511. mean Joe 
Contribution Minéralogique l’Etude de l’Adhérence entre les Constituants 
des Ciments et les Matériaux Enrobés,” ‘Revue des 
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i ‘Finally it might be found desirable to require more air to be entrainedin con- : 4y 
crete mixtures using limestone aggregates than in concretes with siliceous” 


In general, high strength and high modulus of elasticity go together. We like ia 
_ high-strength concrete, but in gravity dams we w want low modulus of elasticity. 
_ Perhaps it would be expedient to employ other co controls than ¢ economy in order 
to set an upper limit on strength and modulus of elasticity at the age when the 4 
7 concrete is s subjected tothe greatest potential tensile stress due to cooling sail 
i restraint. _ As experience with the use of pozzolans and other mineral admix- 
tures increases, we may find that it is practical and feasible to produce ade- 
: quately watertight, durable, low- modulus -of - -elasticity, controlled- -strength a 


a concrete by judicious u: use of such materials, improved cement —a 


 erack-resistance of a degree that is now obtained only by happy accident. __ 


4 Acknowledgements .—This discussion has been read and valuable contributions 


to it have been made by Katharine Mather and Thomas B. . Kennedy, for which 


in such cases it might be beneficial to re- 
«strict by specification the amount of material permitted to pass the No. 50, 100, 
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Discussion by Jc John H H. Ruskin 


— JOHN H. RUSKIN,! . ASCE. .—The several basic. design an and construction 
afl considerations peculiar re cooling towers have been presentedin usable fashion. 4 
_ Some of this information would otherwise be available only to those possess- 
- ... a formidable library ¢ of manufacturers’ catalogs, and it is well to have a a 
readily available assembly of pertinent engineering aspects of so common a 

rt While Mr. Scarola showed in considerable detail the structural and fire pre- 
: cautions, however, it is unfortunate that he did not develop a few paragraphs to 


nature of a a cooling tower, but png can be obviated by < careful and intelligent ps 
sign. The hazards to which this refers are those resulting from cross con- 
nections between the cooling tower sump or some part of the recirculated water 
“system and the potable 1 water system of the establishment. ee 
_ By no stretch of the imagination can the water ina cooling tower sump or 
_ system be considered potable—that is, fit for human consumption—and no one 
F would give serious consideration to a proposal for such use. The very nature > 
ofa cooling tower makes it function comparably to an air ; washer, and as such | 
it accumulates between cleanings variously large Competes of soot, dust, 
bird manure, radioactive fallout particles, airborne bacteria, algae, and any 
treatment chemicals used to prolong the life of the system or the usable period 
for the makeup water. _ Sussman and Portnoy2 have described the effects of __ 
4 closed- -system operation of cooling towers on total solids, pH, alkalinity, hard- a 
7 ness, , sulfate, ammonia, and other | constituents of sanitary significance. Paani 
oar also have contributed notably along this line. ‘Bacteriological analysis of cool-— 
7 a ing water yields prolific colonies of coliform organisms and many pathogenic — 
varieties of microscopic 
The health hazards commonly arise in two ways: 
f lation, the designer may cause to be built into the piping system a potable water | 
~ connection for bypassing all or some part of the recirculation system: or (2)a 


: (1) At the time of instal - 


game or another purpose. In addition, many ¢ designers and installers are un- 

_ aware of the necessity and means for protection against back-siphonage from 

. the cooling tower sump or against pollution through gland : seal or water — 

_ cant arrangements connected to the potable water supply. The problem of | the a 
intentional or accidental cross connection is by far the most potent, because 


such a connection is usually made as large as possible. This problem can be >. 


@QOctober,1959,by J.A.Scarola, 


Assoc. Sanitary Engr., Dept. of Health, Detroit, Mich. 
“Water in Air- -Conditioning Journal, AWWA, 51: 
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A 
if the designer ¢ gives intelligent to the pro probable 
_ for doing so, and keeps in mind that water can flow two ways in any pipe. ce 
a ae _ Any mechanical system, cna a cooling tower and the other components 
for maintenance purposes. ‘These’ cannot always be scheduled to 
__ avoidinterference with functioning of the equipment which depends on the cool- 
ing system. is frequently the case that a dire emergency develops where 
much damage will be done if cooling water service is not restored in a matter — 
of minutes. The author points this out but does not suggest a solution. ‘The | 
designer who is not cognizant of health hazards frequently provides for a by- 
7 wes by connecting a potable water line directly to the pump discharge piping. E. 49 
_ Occasionally he will provide more than the usual single gate valve, but no com- - 7 
bination of ordinary checkand gate valves shouldever be relied uponto isolate - 
_ a recirculated water system from a potable water system. 
_ One foolproof arrangement which has been utilizedis a smallr receiving tank | 
anda special standby pump to which potable water can be supplied through an 
air gap of twice the diameter of the supply pipe. The same tank can receive 
- non-potable w water if desired . Another layout : is the swivel connection, as shown — - 
in Fig. 1, in which a certain part of “the piping ‘system may be switched from 7 
one system to the other, analogous to a switch in a railroad track layout. Like 
the latter, the piping swivel must be arranged so that one section of the path is — 
_ utilized totally in one position or | the other. - Simultaneous supply must be im-_ 
possible. For convenience, this may be accomplished in some cases by use of . 


as shown in Fig. , 2. With the valve plug axis oriented horizontally and the bot- = 
tom port kept open as a drain or vent, the discharge line to the equipment is 
* connected to the top port. Potable water is then supplied to one side port and 
Nite non-potable water to the opposite side port. The plug has two 90° passages so 
that the left and bottom ports are connected at the same time as the | right and — 
top ports, and vice versa. Interconnection of the two systems through the four- 
way valve so installed is, thus, impossible. Stop cams guide the operator in 
q setting the valve plug in proper alignment with the ports in either position.  — 
Because the piping on the discharge side of the four-way valve or other | 
_ swivel arrangement is at least temporarily filled with non-potable water at time ° a 
of switching to the potable supply, the latter must be protected against backflow 


valve assembly is frequently used , although some designers specify a a back- 
flow preventer of the reduced-pressure- zone type, as described by Dempster,¥# 
etal. Care must be taken by color coding to avoid any type of bypass around ; 
swivel or four- -way valve arrangement 
Reliance on valves which do not effectively separate the potable from the 
non-potable system, either by an air gap, by a drained section of pipe (swivel), 
or! by ar an intermediate zone of reduced pressure n maintained via visible discharge — 
during malfunction (backflow preventer), has | caused serious trouble in several | 
known cases and many more unreported cases. Sudden appearance of chromate- 
treated water ata sar fountain, followed by shutdown by a large factory | 


a supply over a pore -wide inter - -communication system, was the price 
= by one establishment for poor design. In another case, sudden appearance 


hloride brine from a chiller system | at water outlets in the plant - 


3 “Use of Backflow Preventers for Cross Connection Control,” — AWWA, 50: 
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DISCUSSION 


- cafeteria w was disconcerting to patrons. A large office building manager per-— 
mitted a tenant’s plumber to create a cross-connection to its air conditioning 
equipment so that it could be operated “off-season” after cooling water from 
; the towers was no longer being circulated. In a little-used city water line con- 
‘nected toa potable a series of five gate valvesand twocheckvalves 


Other occurrences could be cited, should illustrate the principle 
a. that thoughtful design of a coolingtower andits appurtenant water recirculation 
system should include appropriate provision for emergency or standby supply - 
_ from another source in a safe manner so it will not be necessary to create an 
improper arrangement resulting in health hazards. Omission of such a pro- — 


_ vision should be weighed against the possible results of such omission. 
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DESIGN OF AIR VENTS FOR POWER INTAKES* 
~CORRECTIONS.—On page 20, in Fig. 3, the legend for the ordinate should 
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‘UNDERGROUND POWER STATIONS IN NITALY2 


| 


5 Discussion by Carlos S. Ospina — 


_ CARLOS S. OSPINA,* F. ASCE.—The design of underground hydroelectric 
power stations involves design and construction complications that should make | 
‘this type less attractive than surface plants in cases where the advantages of 
= underground alternative are not overwhelming. 
Access Facilities.— From Table 1, it appears that access shafts are not used 
- often in Italy. Of the 55 underground plants listed, only five have access shafts i 
and, of these, one also has an access tunnel. It appears that the same rondmey 
applies to underground stations in other countries. Construction requirements — 


= In regard to the nine relatively ~ entrance tunnels (more than 400 m), it 


7 is: in service ‘it would be enlightening to have the authors describe the Italian 7 


Penstock Shafts.—In regard topenstock shafts it is interesting to note those 
of the 64 for which is available: 

have | steel penstocks placed free in the e tunnels. 
have reinforced concrete lined shafts. 


&s It would be interesting if the authors were to comment on present practice | 

- in this regard. Present practice in Sweden and Canada is toward unreinforced _ 

concrete linings and steel lined pressure shafts. 
7 ook Are full-scale pressure tests in the rock performedin Italy prior to design? — 

__ The Sumplago penstock arrangement (three 2.55 m steel penstocks set free : 

. in one concrete-lined vertical shaft and two 2.55 m penstocks in the other shaft) 

- does not appear at first glance as the best solution as to first cost, mainte- _ 

nance cost, and weight of steel. It would be of interest for the authors to provide 


a description of this feature and to | give the criteria that led to the adoption of 


access for maintenance, larger shafts ‘ts required, greater er erection and 

____Bibliography.—A bibliography limited to recent projects would be of great 


December, 1959, by Dante Finzi, Mario Mainardis and Carlo Semenza. 
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April, 1900 


phasis i in a British e engineering publication. 3 
An official United States government publication? of special significance 

with respect to in Brazil states: 


in 1952 construction was also started the electric plant 


for the amplification of the system are not now being considered. How- 
ever, at one time the possibility was considered of increasing the ca- 
; . pacity of the thermal plant to 600,000 kilowatts. The Joint Commission - ; 
_ very advisedly counselled that such amplification (in the power system) 
‘ should not exceed two units, due to the tremendous consumption of im- r 


4 should start operating at the endof 1954 or beginning of 1955. New plans : 


5 
here the importation of fuel demands the diversion of o> 


. - foreign e exchange, which is already inshort supply, the financial position 
Of a country could by! this means become very adversely ai affected over a 
“The protection of national interest in matters. calls. for far- 
sighted planning on the part of all who have a share in this responsibili- 
ty. For a hydroelectric project, the hydrology, land acquisition and 
_ governmental concessions generallyr require the preliminary work to be- 
a two to three years earlier than is needed for a thermal plant. Where 
preliminaries have been neglected, resulting power shortage 
may create a public clamor for the quickest possible solution, and for 


this a thermal plant presents a tempting answer, since its harmful a 
fect on the country’s credit position may then be claimed, in some quar- _ 


shortage. ¥: The heart of the problem, | therefore, lies in the wisdom n and — 
perseverance which is exercised in the preliminary planning ae of a 


i Unfortunately, v very few North ‘American engineers shave had an rn 
to acquire an adequate understanding of what this means in the case of foreign | 
developments. In view of current workand new proposals to build more steam > 


4 generating plants, some further exposition on this subject may be generally - 
Since Brazil has: no developed oil supply of its own, the country must, some-— 

how, earn dollars or other foreign exchange with which to pay for imported oil. . 
The principal means of earning foreign exchange is through the export and sale 
Ps of coffee. If a proposal is advanced to construct a new steam plant which will 
a annually b bere 1 $10, 000, 000 worth of oil, it automatically becomes necessary for 


and to find a foreign market for it. However, this apparently simple formula, — 
has an important de defect: “news reports indi indicate that at Brazil | has is been plagued in in ‘iq 


7 _ 4*Brazilian Technical Studies,” Joint Brazil-United States Economic Development 

PP. 5 ° “Hydro—The Answer to Brazil’s Power Needs »” by. Adolph J. Achermen, Civil Eng- 

Aneering, Vol. 25, May, 1955. 
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Discussion Adolph J. J. Ackerman | 


J. ACKERMAN, 1 F. engineering discussion of power 
in another country implies a of relating such dis- 
cussion to the economic welfare of that country. | _A recent report2 stated that | 
_ “the profession of civil engineering, more than any other branch of engineer - a 
-ing, deals with many diverse problems of Society,” and that “the harmonizing 
of all the conflicting interests involved in any great civil engineering project — 
_ requires a broad understanding of the Political, legal, b business and human ele —_ ay 
@ In this technological age, power is the foundation for the economic 7 
Z development of acountry. This, of course, calls for the development of new — 
power supplies based on the local economic conditions and under productive — 
financial policies. Failure to fully understand the significance of this principle 
and its proper applications can readily contribute to the gradual destruction — 
of a country’s economy. This problem was examinedat the World Power Con- 
ference in Rio de Janeiro in August, 1954, where the writer presented the fol- a 
_ lowing view in a paper entitled “ Planning of the Electric Power Industry in 
“Brazil is blessed with great resources of hydroelectric power. ‘The. 
development of these resources is fundamental to the country’s future 
economic growth and industrialization. In this respect the history of — 
power development in Canada will probably be the best pattern. At the 
7 end of 1952, Canada had an installed generating capacity of 14,300,000 h. p. 7 7 
| 5, in hydroelectric power. Of the total energy production, 96.5 per cent _ 
- was hydroelectric power, and only 3.5 per cent was thermal power, be- 
cause Canada’s fuel resources had not very been de- 
| 
“As long as Brazil’s ae coal resources remain aiateniat and as 
| long as foreign exchange is needed for the importation of essentials other 


than such fuels, Brazil is confronted with the necessity of developing its 
hydroelectric resources to the fullest extent possible. A simple for- 

_ mula tokeep in mindis the following: The annual payments for imported 

oil consumed in a steam plant (operating at a high load factor) would 

2 be equal to the annual charges on a loanto finance the importationof all _ 
equipment for a hydroelectric development whose generating 


“a ‘=a be 6 to 8 times greater than the capacity o of the steam plant." - 


1960, O. L. — and H. M. Estes 
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come years with great wag of coffee Pm which there is no market. The 
alternative then is to divert $10,000,000 every year from the limited available 
foreign exchange which couldotherwise be used for the importation of machine 

—«dTtis distressing, to say the least, to observe the current breakdown o of that j 
country’ seconomy. Any effort to rectify this trend must, of necessity, be found- 
ed on a sound program of developing the country’s power supply. It is incum- | 

_ bent upon North American engineers to fully understand what this means if they 

~ commit themselves to working in ‘Brasil, or in oar countries with similar 
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‘Phe bee hnical papers ‘published in the ‘past year ‘are identified by number below. Technical -division 


Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway (HW), y- 
_draulics (HY), Irrigation and Drainage (IR), Pipeline (PL), Power (PO), Sanitary Engineering (SA), Soil 
Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping (SU), and Waterways and Harbors pa 
_ (WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the sym-- ep a 
bols (PP). For titles and order coupons, refer to the appropriate issue of “Civil Engineering.” Beginning re ae s f: 
with Volume 82 (January 1956) papers were published in Journals of the various Technical Divisions. To vi) 
locate papers in the Journals, the symbols after the paper number are followed by a numeral designating _ fe 
the issue of a particular Journal in which the-paper appeared, For example, Paper 2270 is identified as — 
2270(ST9) which indiéates that the paper is in the ninth issue of theJournal of the Structeral 
VOL ME 65 (1959 


{SM2), 1999(SM2), 2000(SM2), 2001(SM2), 2002(ST4), 2003(ST4), 2004(ST4), 2005(ST4), | 


MAY: 2014(AT2), 2015(AT2), 2016(AT2), 2017(HY5), 2018(HY5),2019(HY5), 2020(HY5), 2021(HY5), 
2023(PL2), 2024(PL2), 2025(PL2), 202¢(PP1), 2027(PP1), 2028(PP1), 2029(PP1), 2030(SA3), 203 1(SA3), 
2032(SA3), 2033(SA3), 2034(STS), 2035(ST5), 2036(STS), 2037(STS), 2038(PL2), 2039(PL2), 2040(A 12)". 

2041(PL2)°, 2042(PP1)°, 2043 (ST5)°, 2044(SA3)°, 2045 (HY5)°, , 2046(PPI), 


JUNE: 2040(CPD, 2049(CP1), 2050(CP1), 2051(CP1), 2052(CP1), -2053(CP1), 2054(CP1), 2055(CP1), 2056 
-(HY6), 2057(HY6), 2058(HY6), 2059(IR2), 2060(IR2), 2061(PO3), 2062(SM3), 2063(SM3), 2064(SM3), 2065 
(STS), 2066(WW2), 2067(WW2), 2068(WW2), 2069(WW2), 2070(WW2), 2), 2072(CPI)*, 2073 (IR2)°, 

-2074(PO3)°, 2075 (STS), 2076(HY6)°, 2077(SM3)°, 2078(WW2)°, 
2079(HY7), 2080(HY7), 2081(HY7), 2082(HY7), 2083(HY7),. 2084(HY7), 2085(HY7), 2086(SA4), 2087 
(SA4), 2088(SA4), 2089(SA4), 2090(SA4), 2091(EM3), 2092(EM3), 2093(EM3), 2094(EM3), 2095(EM3), 
(EM3), 2097(HY7)°, 2098(SA4)°, 2099(EM3)°, 2100(AT3), 2101(AT3), 2102(AT3), 2103(AT3), 2104(AT3), 


2115(AT3), 2116(ATS), 211%(AT3), 2116(AT), 2119(AT3), 2120(AT3), 


(SM4), 2135(SM4), 2136(SM4), 2137(SM4), 2138(HY8)°, 2139(PO4)° 2140(sM4)° 


SEPTEMBER: 2141(CO2), 2142(CO2), 2143(CO2), 2144(HW3), 2145(HW3), 2146(HW3), ; 
2149(HY9), 2150(HY9), 2151(IR3), 2152(ST7)°, 2153(IR3), 2154(1R3), 2155(IR3), 2156(1R3), 2157(0R3), 2158 
(IR3), 2159(IR3), 2160(IR3), 2161(SA5), 2162(SA5), 2163(ST7), 2164(STT), 2165(SU1), 2166(SU1),2167(WW3), 
-9368(Ww3), 2169(WW3), 2470(WW3), 2171(WW3), 2172(WwW3), 2173(WW3), 2174(WW3), 2175(WWS), 2176 
(WW3), 2177(WW3), 2178(CO2)©, 2179(1R3)°, 2180(HW3)°, 2183(SU1)°, 2184 


2160(A7), 2190(AT4), 2191(AT4), 2192(AT4), 2193(AT4), 2194(EM4), 2195( EM4), 2196(EM4), 
2197(EM4), 2198(EM4), 2199(F M4), 2200(HY10), 2201(HY10), 2202(HY10), 2203(PL3), 2204(PL3), 2205 
(PL3), 2266(PO5), 2207( P95), 2208(PO5), 2209( POS), 2210(SM5), 2211(SM5), 2212(SM5), 2213(SM5), 2214 
(SM5), 2215(SM5), 2216(SM5), 2217(SM5), 2218(ST8), 2219(ST8), 2220(EM4), 2221(ST8), 2222(ST8), 2223, 
(ST8), 2224(HY10), 2225(HY10), 2226(PO5), 2227(PO5), 2228(PO5), 2220(ST8), 2230(EM4), 2231(EM4), 
2232(AT4)°, 2233(PL3)©, 2234( EM4)°, 2235( HY10)°, 2236(SM5)°, 
NOVEMBER: 2241(HYi1), 2242(F (HY11), 2243(HY11), 2244(HY11), 2245(HY11), -2246(SA6), 2248 aor 
(SA6), 2249(SA6), 2250(SA6), 2251(SA6), 2252(SA6), 2253(SA6), 2254(SA6), 2255(SA6), 2256(ST9), 2257(ST9), 
2258(ST9), 2259(ST9), 2260(HY11), 2261(ST9)¢, 2263(HY11), 2265(HY11), 2266(SA6), 
DECEMBER; 2271(HY12)°, 2272(CP2), 2 2273(HW4), 2 2274(HW4), 2275(HW4), 2276(HW4), 2277(HW4), 2278 
2279(HW4), 2280(HW4), 2281(IR4), 2282(IR4), 2283(1RA), 2284(IR4), 2285(PO6), 2286(PO6),2287 
(P06), 2288(PO6), 2289(PO6), 2290(PO6), 2291(PO6), 2292(SM6), 2293(SM6), 2294(SM6), 2295(SM6), 2296 


2340(H¥1), 2341(SA1), 2342(EMA), 2343(SAl), 2344(ST1),-2345(ST1), 2346(ST1), 2347(ST1), 
FEBRUARY: 2355(CO1), 2856(CO1), 2357(CO1), 2358(CO1), 2359(CO1), 2360(CO1), 2361(PO1), 
2363(ST2), 2364(HY2), 2365(SU1), 2366(HY2), 2367(SU1), 2368(SM1), 2369(HY2), 2370(SU1), 2371(H¥2), 
2373(SM1), 2374(HY2), 2375(PO1), 2376(HY2), 2377(CO1)°, 2378(SU1), 2379(SU1), 2380(SU1), 
2381(H'Y2)°, 2382(ST2), 2383(SU1), 2384(ST2), 2385(SUI)°, 2386(SU1), 2387(SU1), 2388(SU1), 2369(SM1), hak 
MARCH: 2393(IR1), 2394(IR1), 2395(IR1), 2396(IR1),.2397(IR1), 2398(IR1), 2399(IR1), 2400(IR1), 2401(IR1), 
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